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17fl>SUBS TITUTED 4 -A2A-5tt-ANDRQ5TAN-3-ONE DERIVATIVES 

The present invention relates to novel 17/5- 
substituted 4-a2a-5Qfandrostan-3-one derivatives, to a 
process for their preparation, and to pharmaceutical 
5 compositions containing them. These compounds are 

inhibitors of androgen action, by means of testosterone 5a- 
reductase inhibition. 

In certain androgen responsive tissues the action of 
testosterone is mediated primarily through its So-reduced 

10 metabolite, dihydrotestosterone (DHT) (Bruchowsky N. , 
Wilson J.D.; J. Biol. Chem. 243 . 5953, 1968). The 
conversion of testosterone to dihydrotestosterone is 
catalysed by the enzyme 5a-reductase and if 5Q-reductase is 
inhibited, the formation of dihydrotestosterone is reduced 

15 and its specific androgenic effect is attenuated or 
prevented. 

The 5Qr-reductase inhibitors may find medical 
application for the treatment of hyperandrogenic 
conditions, e.g. certain prostatic diseases, such as benign 

20 prostatic hyperplasia and prostatic cancer, and certain 
skin-hair conditions, such as acne, seborrhoea, female 
hirsutism and male pattern baldness (Siiteri P.K., Wilson 
J.D., J. Clin. Invest. 41, 1737, 1970; Price V.H. , Arch. 
Dermatol, m, 1496, 1975; Sandberg A. A., Urology 12, 34, 

25 1981) . Also breast cancer treatment can take advantage 
from use of 5a-reductase inhibitors as the said tumour is 
known to be aggravated by presence of androgens. Androst- 
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»d Hsia, Endocrinology, ^, ,,,, „„„ 

No. 970,692) are among the fir=i- 

uiiy tne iirst steroidic compounds 

described as 5a-reductase inhibitors. 
5 Two 5 , 10-secosteroids having a 3-keto-4 , 5-diene 

system in the expanded ring have been found to be seiectiv. 
inhibitors Of rat epididymal Se-reduct.se (Robair. et ai., 
J. steroid Biochem. i, 307-310 (1977)). 

The UOR) -^-^ia.o.3l-hydroxy-20-„ethyl-5a-pre,„an-3- 
" one ana its analogs are reported to be enzyme activated 
inhibitors Of testosterone 5e-reductase (Blohm et ai 
Biochem. Biophys. «es. Co™. aS. 273-so ,19,0, ; United 
States Patent 4,317,817). 

Another series of enzyme-directed irreversible 
15 inhibitors Of 5a-reductase have been prepared by 

introducing a .-methylene moiety into substrates type 3- 
'<eto-.--prog.stins and androgens (P.trow et ai., steroids 
iS- 352-53 (1981); United States Patent 4,39e,615,). 

More recently unsaturated derivatives of 3-carboxy 
steroids have been reported as uncompetitive So-reductase 
inhibitors versus testosterone (Biorg. chem. i2, 372-37e 
(1989); Eur. Pat. Appln. no. 0289327). 

4-Aza steroids are by far the most studied steroid 
sa-reductase inhibitors. The compounds .„o„n in the art 
are reported in a very large number of publications and 
patents, in particular the 17«-acylamid.s and their 

metabolites are described in- j t,.A 

m. J. Med. Chem. ^j, 1S90-1701 
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(1984), J. Med. Chem. 21. 2298-2315 (1986), Eur. Pat. 
Appln. No. 0004949; US patent No. 4,377,584; Eur. Pat. 
Appln. 0155096; US patent 4,845,104; Eur. Pat. Appln. 
0462662; Eur. Pat. Appln. 0484094 A2; US Patent 4, 859,681; 
5 wo 91/12261. 

The invention provides compounds of the following 
formula (I) 



10 




(I) 



R 

wherein 

R is a hydrogen atom or a C,-C4 alkyl group 

unsubstituted or substituted by one or more fluorine 
15 atoms ; 

A . is a single bond or a straight or branched C,-Cs 

alkylene chain; 
Ri is a hydrogen atom or a C,-Ce alkyl group 

unsubstituted or substituted by one or more f luorin 
20 atoms; 
R} is: 

a) a Ci-Cj alkyl group unsubstituted r substituted by 
ne r more substituents chosen from fluor , c,-C4 
alkoxycarbonyl , carbamoyl, carboxy, hydr xy, c,-C4 



wo 94/03476 



PCr/EP93/02038 



10 d) 



R3 



15 



Z is: 
a') 



- 4 - 

alkoxy, amino, di-c.-c ait„i 

^ c. c, alkylammo, mercapto and c -c 
alkylthio, or ' * 

a c,-c cycloalkyi or a c.-c.„ cycloaXkylalkyX group 
unsu.stituted or substituted .y one or .ore .uor/ne 

atoms , or 

an aryl or a c,-c,. aryaal.,, 
ring substituted bv r.«^ 

substituents chosen 

from halogen, C.-c^ alkyl c-r 

^ ' ^' alkoyy, hydroxy and 

trifiuoromethyl, or 

a C,-c„ heterocycloalkyl group in which the 

heterocyclic ring contains 

^^"^ °^ ""ore heteroatoms 
chosen .ro™ n, o and s, unsuhstituted or ring 
substituted by one or .ore nuorine ato.s; 
IS hydrogen, a c,-c aiw,i 

' ' ^^°"P °^ an aryl or a c,-c 

arylalkyl group, unsubstituted or r,' 

°^ ^ing substituted by 
one or „o« su.sti.«nts cHosen .aXo,.n, c -c 

al^n. c,-c, auo:^. an. t.inuo„„etnn!- ' 



20 



25 



a alkyl group unsubstituted or substituted by 

one or .ore fluorine atoms, 

an -0R3 group wherein R, is a c r 

IS a c-c, alkyl group, 

a -N group Wherein each of r. anrt i, • 

\ n or R, and r„ independently, 

is hydrogen, c.-c. alkvl r n 

6 «*-LKyi, Cj-Ct cycloalkyl or 
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or hexatomic saturated heteromonocyclic ring, optionally 
containing at least one additional heteroatom selected from 
oxygen and nitrogen; and 

the symbol represents a single or a double bond; 

5 provided that when Z is a group ORj, R2 is not an 
unsubstituted Cj-Cs alky 1 group; 

and the pharmaceutical ly acceptable salts thereof. 

In the formulae of this specification the dotted line 
(""") indicates a substituent in the o-conf iguration, 
10 i.e. below the plane of the ring, and the wedged line ) 
indicates a substituent in the /3-conf iguration, i.e. above 
the plane of the ring. The configurations of the chiral 
centers in the side chain is unspecified; the invention is 
meant to include both the single "R" and "S" epimers as 
15 well as their ••R,S" mixtures. 

The invention includes the pharmaceutically 
acceptable salts of the compounds of formula (I) which 
contain a salifiable group. 

It is known in the chemical literature that a- 
20 fluorinated ketones form stable gem-diols with water; so 
they are sometimes obtained as a mixture of a hydrate form 
and a ketone form, whose ratio depends on steric and 
electronic factors (Hudlicky H., Chemistry of Organic 
fluorine compounds, 2nd edition, Ellis Horwood Ltd.) 

25 R-C-CFj-R' - R-c-CFz-R* 

I /\ 
O H2O OH OH 

Ketone form hydrate form 
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In this specification the a-f luorinated ketones are 
meant to include both these forms, i.e. they nay exist in 
the pure ketone f om or in the pure hydrate (gem-diol) form 
or as a mixture of both ketone and hydrate form. 





Ketone form hydrate form 

The invention includes also all the possible isomers of 
formula (I) and their mixtures. 

Also the metabolites and the metabolic precursors of 
the compounds of formula (I) are within the scope of the 
10 present invention. 

In this specification the alkyl groups and the 
aliphatic portions of the arylalkyl, cycloalkylalkyl and 
the heterocyclic alkyl groups may be straight or branched 



chain 

15 



A C,-C, alkyl group may be, for example, methyl, 
ethyl, isopropyl, n-butyl or tert-butyl. The C,-c, alkyl 
group may be unsubstituted or substituted by one or more 
preferably one, two or three, fluorine atoms and in 
particular may be dif luoromethy 1 , f luoromethyl , 
20 trifluoromethyl or 2,2,2-trifluoroethyl. 

A C,-C, straight r branched alkylene chain may be, 
for example, a straight r branched C.-C, alkylene chain. 
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CH3 CH, 

m particular, -CH-, -CH-CHj-CHj- , -CHj- or -CH2-CH2-. 

A Ci-Cfi alkyl group may be, for example, methyl, 
5 ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 
tert-butyl, n-pentyl, iso-pentyl, neopentyl, n-hexyl or 
isohexyl. The Cj-Cj alkyl group may be unsubstituted or 
substituted by one or more, preferably 1, 2, 3, 4, 5 or 6, 
fluorine atoms and may be, in particular, f luoromethyl , 

10 difluromethyl, tr if luoromethyl, 2,2,2-trifluoroethyl, 
3,3, 3-trif luoropropyl , 4,4 ,.4-trif luorobutyl , 1- 
trif luoromethylethyl , 2-trif luoromethylprop-l-yl , 
pentaf luoroethyl , l,l,l,3,3,3-hexafluoroprop-2-yl or 
4,4,5,5, 5-pentaf luoropentyl . 

^5 A C1-C4 alkoxycarbonyl group may be, for example, 

methoxy-, ethoxy-, propoxy- or butoxycarbonyl , preferably 
met hoxy car bony 1 . 

A C,-C4 alkoxy group may be, for example, methoxy, 
ethoxy, propoxy or butoxy, preferably methoxy, 

20 A di-(C,-C4-alkyl) amino may be, for example, 

dimethylamino. A Cj-c^ alkylthio group may be, for example, 
methylthio, ethylthio, propylthio, or butylthio, preferably 
methylthio or ethylthio. 

A Cj-Cj alkyl group wherein one or more hydrogen atoms 

25 are substituted by one or more substituents other than 
fluorine may be, for example CHjSH, CH2SCH2CH3, CHjCHjSCHa, 
CHjOH, CHjOCHj, CH(0H)CH3, CH(OCHj)CH„ CHjCONH,, CHjCHjCONHj, 
CH2COOH, CHjCHjCOOH, CHjCHzCHjCHjNHj, 
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.^"3 CHj 

r I 

CHjCHjCH^CHjN , CHiCH2NH2 or CHjCH^N 

CH ^ 
^"3 CH, 



A C5-C7 cycloalkyl may be, for example, cyclopentyl, 
cyclohexyl or cycloheptyl. 

A C«-c,o cycloalkylalkyl group may be, for example, a 
5 (C5-C, cycloalkyl) alkyl, preferably (Cj-C, cycloalkyl) 
methyl or (C5-C7 cycloalkyl) ethyl, in particular, 
cyclohexylmethyl, cyclohexylethyl, cyclopentylmethyl 
unsubstituted or substituted by one or more, preferably 
one, fluorine atoms, in particular, 1-fluoro-l- 
10 cyclohexylmethyl. 

An aryl group may be, for example, phenyl 
unsubstituted or substituted by one or more, preferably 
one, chloro, bromo, fluoro, C,-C, alkyl, preferably methyl, 
C,-C4 alkoxy, preferably methoxy, hydroxy, or 
15 trifluoromethyl groups, in particular, 4-methylphenyl, 4- 
hydroxyphenyl, 4 -methoxypheny 1 , 4-trif luoromethylphenyl , 4- 
f luorophenyl. 

A C7-c,o arylalkyl group may be, for example, phenyl 
(C,-C, alkyl) , preferably benzyl, unsubstituted or ring 

20 substituted by one or more, preferably one or two, chloro, 
bromo, fluoro, c.-C^ alkoxy preferably methoxy, hydroxy or 
trifluoromethyl groups, in particular 4-hydroxyben2yl, 4- 
methoxybenzyl, 4-hydroxy-3-methoxyben2yl, 3,4- 
dimethoxybenzyl, 4-trif luoromethylbenzyl, 2-f luorobenzyl, 

25 3-fluorobenzyl, 4-f luorobenzyl, 3-f luoro-4.hydroxyben2yl. 
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A Q-Cjo heterocyclolalkyl group may b , for example, 
heterocyclo (C,-C4 alkyl) , for example heterocyclomethyl, 
preferably imidazolyl-methyl or indolylmethyl, 
unsubstituted or ring substituted by one or more, 
5 preferably one, fluorine atoms, in particular, (4- 

imidazolyl) -methyl, (3-indolyl) -methyl , (5-f luoroindolyl) - 
methyl, (6-f luoroindolyl) methyl or (B-imidazolyl) methyl. 

In the above formula (I) R is, preferably, hydrogen, 
methyl, ethyl, f luoromethyl, or 2,2,2-trifluoroethyl. 

A is, preferably, a bond or -CH-. 

R, is, preferably, hydrogen or methyl. 

Rj is, preferably, the side-chain of the most common 
15 natural and unnatural amino acids, unsubstituted or 

substituted by one or more fluorine atoms. 

When R2 is an unsubstituted C.-C^ alkyl group, it is 

preferably methyl, ethyl, n-propyl, iso-propyl, n-butyl, 

iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, 
20 n-hexyl or iso-hexyl. 

When R2 is a substituted C,-Cs alkyl group, it is 

preferably -CHjF, -CHF,, -CFj, CFj-CHj-, CFj-CHj-CHj- , 

CF3 CFj CF, 

CFj-CHj-CHj-CHj-, CH3-CH-, CH3-CH-CH2, CF3-CH-, 

CF3-CF2-CH2-CHJ-CH2-, CH3O-CH2- or CH3-S-CH2-CH2-. 
25 When is Cj-C, cycloalkyl, it is preferably cyclohexyl. 

When R2 is Cj-C.o cycloalkylalkyl , it is preferably 

cyclohexylmethyl . 
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When R2 is aryl, it is preferabiy phenyl or benzyl. 
When R2 is c-Cjo arylalkyl, it is preferably benzyl. 
When Rj is heterocycloalkyl, it is preferably (3- 
imidazolyl) methyl or (3-indolyl) methyl. 
5 R3 is preferably hydrogen, methyl, ethyl, phenyl or benzyl. 
When Z is Cj-C^ alkyl as defined above under a'), it is 
preferably methyl, ethyl, trif luoromethyl, 2,2,2- 
trifluoroethyl, pentaf luoroethyl, n-propyl, n-butyl or sec- 
butyl. When Z is a group ORj as defined above under b'), Rj 
10 is preferably methyl, ethyl or t-butyl. 

When Z is a group -N as defined above under cM 

\ 

R7 

it is preferably -NHj, -NHCH3, -NHCaH,, -NHCHCCHj)^, 
-NHC(CH3)3, -NHCH3C{CH3)3, -NCC^Hj),, -N[CH(CH3),]„ -NH-<^ , 
NH-Ph, piperidyl, piperazinyl or morpholino. 



15 



Pharmaceutically acceptable salts of the compounds of 
the invention include acid addition salts with inorganic, 
e.g. nitric, hydrochloric, hydrobromic, sulphuric, 
perchloric and phosphoric, acids or organic, e.g. acetic, 
propionic, glycolic, lactic, oxalic, malonic, malic, 
20 maleic, tartaric, citric, benzoic, cinnamic, mandelic and 
salicylic, acids, and salts with pharmaceutically 
acceptable bases, either inorganic bases, such as, for 
example, alkali metal, e.g., sodium or potassium, or 
alkaline-earth metal, e.g., calcium or magnesium, or zinc 
25 or aluminium hydroxides, or organic bases such as, for 
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instance, aliphatic amines as, e.g., methy lamine , 
diethylamine, trimethylamine, ethylamine and heterocyclic 
amines , e.g., piper idine • 

Preferred compounds of formula (I) are those wherein: 
5 R is hydrogen or methyl; 
A is a single bond; 
Ri is hydrogen; 

R2 is methyl, iso-propyl or iso-butyl, sec-butyl., tert- 
butyl, trif luoromethyl, 1-trif luoromethyleth-l-yl, 2- 
10 trif luoromethylprop-l-yl , 2-methylthioeth-l-yl 
methoxymethyl, phenyl or benzyl; 
R3 is hydrogen or methyl; 

2 is methyl, n-butyl, trif luoromethyl, pentaf luoroethyl, a 
group 0R5 wherein Rj is methyl, ethyl or tert-butyl; or a 
15 group 

I 

-N^ wherein each of R^ and R7 is, independently, 

hydrogen, ethyl, isopropyl or neopentyl; and the symbol 
represents a single or a double bond provided that, 
when 2 is a group OR3 as defined hereinabove, R^ is 
20 trif luoromethyl, 1-trif luoromethyleth-l-yl, 2- 

trifluoromethylprop-i-yl, 2-methylthioethyl, methoxymethyl, 
phenyl or benzyl. 

Examples of specific compounds preferred under this 
invention are: 
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1) N-d-neopentylcarbamoyleth-l-yl) 3-oxo-4-a2a-5o- 
androstane-17j8-carboxaniide; 

2) N-(l-neopentylcarbainoyleth-l-yl) 3-oxo-4-aza-5a- 
andr ost - 1 -ene- 1 7/S-carboxaaide ; 

3) N-[3-oxobut-2-yl] 3-oxo-4-a2a-5a-androstane-l7/S- 
5 carboxanide ; 

4) N-t3-oxohept-2-yl] 3-oxo-4-aza-5a-androst-i-ene-i7/S- 

carboxamide; 

5) N-[i,i,i-trifluoro-2"Oxobut-3-yl} 3-oxo-4-aza-5a- 
androst-l-ene-17/3-carboxamide; 

10 6) N-[4-inethyl-2-oxopent-3-yl] 3-oxo-4-aza-5a-androst-l- 
ene-17)S-carboxamide; 

7) N-[i,i,i-trifluoro-4-roethyl-2-oxopent-3-yl] 3-oxo-4- 
aza-5Qr-androst-i-ene-l7/S-carboxamide; 

8) N-[5-inethyl-2-oxohex-3-yl] 3-oxo-4-a2a-5a-androst-l- 
15 ene-17/S-carboxamide; 

9) N-[4-methyl-2-oxohex-3-yl] 3-oxo-4-aza-5Q-androst-l- 
ene-17/3-carboxamide; 

10) N-[4,4-diinethyl-2-oxopent-3-yl] 3-oxo-4-aza-5a- 
androst-l-ene-17/S-carboxaniide; 

20 11) N-[l,i,i-trifluoro-3-oxobut-2-yl] 3-oxo-4-aza-5a- 
androst-l-ene-17/3-carboxamide; 

12) N-[2,2,2-trifluoro-l-niethoxycarbonyleth-l-yl3 3-oxo- 
4-aza-5a-androst-l-ene-l7^-carboxamide; 

13) N-[5,5,5-trifluoro-4-inethyl-2-oxopent-3-yl] 3-oxo-4- 
25 a2a-5a-androst-l-ene-i7/8-carboxamide ; 

14 ) N- [ 3 , 3 , 3-trif luoro-2-inethyl-i-inethoxycarbonylprop-l- 
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yl] 3-oxo-4-a2a-5o-androst-l-ene-l7/3-carboxainide; 

15) N-[6,6,6-trifluoro-5-inethyl-2-oxohex-3-yl] 3-oxo-4- 
aza-5o-androst-i-ene-i7/S-carboxamide; 

16) N- [4 , 4 , 4-trif luoro-3-ttethyl-l-Bethoxycarbonyl-but-l- 
5 yl] 3-oxo-4-a2a-5a-androst-l-ene-i7^-carboxamide; 

17) Nr[5-inethylthio-2-oxopent-3-yl] 3-oxo-4-a2a-5tt- 
androst-l-ene-17^-carboxainide; 

18) N-[3-methylthio-l-inethoxycarbonylprop-i-yl] 3-oxo-4- 
aza-5Q-androst-i-ene-l7/3-carboxainide; 

10 19) N-[4-inethoxy-2-oxobut-3-yl] 3-oxo-4-a2a-5a-androst-l- 
ene-17/3-carboxanide ; 

20) N-[2-inethoxy-l-inethoxycarbonyleth-l-yl] 3-oxo-4-a2a- 
5a-andr ost- 1 -ene- 17 jS-carboxamide ; 

21) N-[3-oxobut-2-yl] 3-oxo-4-a2a-5Q-androst-i-ene-l7/3- 
15 carboxamide ; 

22) N-[i,i,i-trifluoro-3-inethyl-2-oxobut-3-yl] 3-oxo-4- 
a2a-5tt-androst-l-ene-i7/3-carboxamide; 

23) N-[3-methyl-2-oxobut-3-yl] 3-oxo-4-a2a-5a-androst-l- 
ene-17/S-carboxainide ; 

20 24) N-[i,i,i-trifluoro-2-oxo-4-phenylbut-3-yl] 3-oxo-4- 
a2a-5a-androst-i-ene-17/S-carboxamide; 

25) N-[l,i,i-trifluoro-2-oxo-3-phenylpropyl) 3-oxo-4-a2a- 
5a-androst-l-ene-l7jS-carboxamide; 

26) N-[i,i,i-trifluoro-3-inethyl-2-oxo-3-phenylpropyl) 3- 
oxo-4 -a2a-5o-androst-l-ene-17^-carboxamide ; 

27) N-tl,l,l,2,2-pentafluoro-3-oxopent-4-yl] 3-oxo-4-a2a- 
5a-androst-l-ene-l7/3-carboxamide. 



25 
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compounds, according to their number, are tabulated below, 
with reference to the substituents as defined for formula 
(I): 



R 


A 


R, 


22 




9 


• • • • 


1) H 


bond 


H 


CH, 


H 


NH ( neooentvl \ 


c S nrr 1 a 


2) H 


bond 


H 


zzil 


H 




A ml V% 1 A 


3) H 


bond 


H 


CH3 


H 


CH, 


single 


4) H 


bond 


H 




H 


n-butyl 


double 


5) H 


bond 


H 


CH3 


H 


CF, 


double 


6) H 


bond 


H 


iso-propyl 


H 


CH, 


double 


7) H 


bond 


H 


iso-propyl 


H 


CF, 


double 


8) H 


bond 


H 


iso-butyl 


H 


CH, 


double 


9) H 


bond 


H 


sec-butyl 


H 


CH, 


double 


10^ H 
J" w ^ n 


bond 


n 


terz-Duryl 


H 


CH, 


double 


11) H 


bond 


H 


CF, 


H 


CH, 


double ' 


12) H 


bond 


H 


CF, 


H 


OCH, 


double 


13) H 


bond 


H 


CF3 
1 

CH3-CH- 


H 


CH3 


double 


14) H 


bond 


H 


CF, 
1 

CH3-CH- 


H 


OCH3 




15) H 


bond 


H 


CF3 

\ 

CHCHj- 

/ 

CH3 


H 


CH, 


double 


16) H 


bond 


H 


CF, 

\ 

CHCH2- 

/ 

CH, 


H 


OCH, 


double 


17) H 


bond 


H 


CH3-S-CH,-CH,- 


H 


CH, 


double 


18) H 


bond 


H 


CH3SCH,-CH, 


H 


0-CH, 


double 


19) H 


bond 


H 


CH,-0-CH, 


H 


CH, 


double 1 
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R 


A 








2 


» » » ♦ 


20) H 


bond 


H 


CHj-O-CHj 


H 


O-CH3 


double 


21) H 


bond 


H 




H 


CH, 


double 


22) H 


bond 


H 


CH3 


CHj 


cr, 


double 


23) H 


bond 


H 


CHj 


CHj 


CH, 


dovible 


24) H 


bond 


H 


PhCH} 


H 


CFj 


double 


25) H 


bond 


H 


Ph 


H 


CF, 


double 


26) H 


bond 


H 


Ph 


CH, 


CFj 


doubl 


27) H 


bond 


H 


CHj 


H 


CFjCFj 


double 



The compounds of formula (I) may be obtained by a 
process comprising: 

(1) oxidizing a compound of formula (II) 

Rt R3 OH 

CO — N — C CH-Z 

I I (II) 




5 wherein R, R,, R2, R3, A and the symbol . . . . are as 
defined above and Z is a Cj-Ce alkyl group, 
unsubstituted or substituted by one of more fluorine 
atoms, so obtaining a compound of formula (I) wherein 
Rf R|# Rjf R3, A and the symbol are as defined 

0 above and Z is a Cj-C^ alkyl group unsubstitut d r 

substituted by ne or more fluorine atoms; r 
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(2) reacting a comp und of formula (III) 




(III) 



wherein R, R,, R^, Rj, a and the symbol are as 

defined above and Y is OH or an activating group of 
the carboxy function with a compound of formula (IV) 



/ 

I 

\ 



H-N (ivj 



^7 

Wherein R« and R, are as defined above so obtaining a 
compound of formula (I) wherein R, R,, r,, r,, a and 

the symbol j^^^ are as defined above and Z is a -n'' 

\ 

10 group as defined above; or ^' 

(3) reacting a compound of formula (III) as defined above 
with a compound of formula (V) 

Rg-M 

wherein Rg is a C,-c« alkyl group unsubstituted or 
15 substituted by one or more fluorine at as and M is a 

metal atom r a metal-halogen group so obtaining a 
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compound of formula (I) wherein R, R,, R,, r,, a and 
the symbol .^.^^ are as defined above and Z is a C,-C« 
alkyl group unsubstituted or substituted by one or 
more fluorine atoms; or 
(4) reacting a compound of formula (VI) 

COY 

I 

^ (VI) 




R 

wherein R, A and ^^^^ are as defined above and Y is 
OH or an activating group of the carboxy function 
with a compound of formula (VII) 

HN C— C-Z (VII) 

R3 O 

wherein R,, Rj, R3 and Z are as defined above, so 
obtaining a compound of formula (I) wherein R, R,, r„ 

R3, A, Z and the symbol are as defined above; 

and if desired, 

15 (5) dehydrogenating a compound of formula (I) wherein R, 
Ri» Rj# Rsf A and z are as defined above and the 
symbol is a single bond, so btaining a 

c rresponding compound f formula (I) wherein R, R,, 
Rj, Rj, A and Z are as defined above and the symbol 
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t t t * is a double bond, and, if desired, converting a 
compound of formula (I) into a pharmaceutically, 
acceptable salt thereof and/or if desired separating 
a mixture of isomers of formula (I) into the single 
5 isomers . 

The oxidation of a compound of formula (II) , 
according to the process variant (1) , may be carried out 
according to the Swern methodology, as described in 
Synthesis 1981, 165. 
10 In particular, the oxidation may be carried out 

treating the compound dissolved in a solvent such as, for 
example, methylene chloride with dimethylsulphoxide and 
oxalyl chloride, at a temperature ranging from about -78 ®C 
to room temperature for a time varying from about 15 
15 minutes to about 2 hours. 

When Y is an activating group in the compound of 
formula (III) and (VI), it may be any suitable activating 
group of the carboxy function which is useful in the 
formation of amidic or peptidic linkages. It may be, for 
20 instance, one of the following groups: 



25 
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The reaction of a compound of formula (III) with a 
compound of formula (IV) , according to the process variant 
(2) , may be carried out in an inert solvent such as, for 
example, CHjClj, THF, AcOEt, DMF, benzene or toluene, at a 
5 temperature ranging from about 0»C to about 100 "C, 

optionally in the presence of an organic base such as, for 
example, pyridine, p-dimethylamino-pyridine or 
triethylamine for a time varying from about one hour to 
about 24 hours. 

10 In the compounds of formula (V) when M is a metal 

atom it is preferably Li and when it is a metal-halogen 
group is preferably MgCl, MgBr or Mgl. 

The reaction between a compound of formula (III) and 
a compound of formula (V) , according to process variant 

15 (3), may be carried out in an anhydrous solvent such as 
THF, EtjO, dioxane, benzene under argon or nitrogen 
atmosphere at a temperature ranging from about -lOO'C to 
about the refluxing temperature of the solvent, for a time 
varying from about half an hour to about 24 hours. 

20 A reaction between a compound of formula (VI) and a 

compound of formula (Vll) , according to the process variant 
(4), may be carried out, e.g., in an inert solvent such as, 
for example, CH^Clj, THF, AcOEt, DMF or benzene, at a 
temperature ranging from about CC to about 100 "C, 

25 optionally in the presence of an organic base such as, for 
example, pyridine, p-dimethylamino-pyridine or 
triethylamine, for a time varying from about one hour to 
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about 5 days. 

The compounds of formula (VII) are often used as N- 
salt-derivatives, preferably hydrochlorides, hydrobromides 
or trifluoroacetates, and the free amino group is formed in 
5 situ in the presence of an organic base such as, for 
example, pyridine, or a tri-Ci-Cj-alkylamine, preferably 
triethylamine. 

The dehydrogenation of a compound of formula (I) 
according to the process variant (5) , may be carried out 

10 with a dehydrogenating agent, e.g., benzeneseleninic 
anhydride or DDQ, in an anhydrous solvent such as, for 
example, chlorobenzene, dioxane, xylene, toluene, benzene, 
optionally in the presence of bis (trimethylsilyl) - 
trif luoroacetamide (BSTFA) (especially when DDQ is used) , 

15 at a temperature ranging from room temperature to the 

reflux temperature of the solvent, for a time varying from 
about two hours to 24 hours, preferably in an inert 
atmosphere of nitrogen. 

Standard procedures may be used for separating a 

20 mixture of isomers of formula (I) into single isomers. 

The present invention also provides compounds of 

formula (II) wherein R, R,, R„ Rj, a and the symbol 

have all the same meanings as for the compounds of formula 
(I) and Z is a Cj-C^ alkyl group unsubstituted or 

25 substituted by one or more fluorine atoms, with the proviso 
that at least one of the groups, R, R,, Rj, r, and Z 
contains at least one fluorine atom, and the 
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phannaceutically acceptable salts thereof. 

* 

A preferred class of compounds of formula (li) 
according to the invention are the compounds of formula 
(II) wherein: 



A is a single bond; 
R, is hydrogen; 

R2 is methyl, iso-propyl, iso-butyl, sec-butyl, tert- 
butyl, trif luoromethyl, l-trif luoromethyleth-i-yl, 2- 
10 trifluoromethylprop-l-yl, 2-methylthioeth-l-yl, 

methoxymethyl , phenyl or benzyl; 
R3 is hydrogen or methyl; 
Z is methyl, n-butyl, trif luoromethyl or 

pentafluoroethyl; and the symbol represents a single 

15 or a double bond provided that a least one of the groups Rj 
and Z contains at least one fluorine atom. 

A compound of formula (II) may be obtained by a 
process comprising: 

(a) reacting a compound of formula (VI) wherein R, 

20 A, Y and the symbol are as defined above with a 

compound of formula (VIII) 

Ri Rj H 



5 



R is hydrogen or methyl; 




(VIII) 



OH 



wherein R,, Rj and R3 are as defined above and Z is a C, 
alkyl group unsubstituted or substituted by one or mor 
fluorine atoms so obtaining a compound of formula (II) 
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wherein A, R, R,, Rj, R3 and the symbol . . . . are as definec 
above and Z is a Ci-C^ alkyl group unsubstituted or 



substituted by one or more fluorine atoms; or 
(b) reacting a compound of formula (IX) 



5 




(IX) 



wherein R,, R2, R3 and A are as defined above and Z is a Ci- 
Cg alkyl group unsubstituted or substituted by one or more 
fluorine atoms with an amine of formula (X) 

R-NHj (X) 
10 wherein R is as defined above so obtaining a compound of 
formula (XI) 




(XI) 



I 

R 



wherein A, R, R|, ^2, and R, ar as defined abov and z is a 
C,-Ce alkyl group unsubstituted or substituted by ne r 
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more fluorine atoms, and hydrogenating the compound of 
formula (XI) so obtaining a compound of formula (II) 
wherein R, R,, Rj, R3 are as defined above, Z is a Cj-Cj 
alkyl group unsubstituted or substituted by one or more 

5 fluorine atoms and the symbol is a single bond. 

The reaction of a compound of formula (VI) with a 
compound of formula (VIII) , according to the process 
variant (a) may be carried out, for example in a solvent 
such as, for example, methylene chloride, ethyl acetate, 

10 dimethylformamide or tetrahydrof urane , at a temperature 

ranging from about O'C to 100»C, optionally in the presence 
of an organic base such as, for example, a Cj-C^ 
trialkylamine, preferably triethylamine , for a time varying 
from 2 hours to about 5 days. 

15 The compounds of formula (VIII) are often used as 

salt-derivatives, preferably hydrochlorides, and the amino 
group is formed in situ in the presence of an organic base 
such as, for example, a Cj-Q-trialkylamine, preferably 
triethylamine. 

20 The reaction of a compound of formula (IX) with a 

compound of formula (X) , according to the process (b) may 
be carried out in an anhydrous organic solvent at a 
temperature from about 60 «C to the reflux temperature of 
the solvent. It is suitably continued for a period of from 

25 about 30 minutes to. about four hours. 

Preferably the solvent is ethylene glycol, 
dimethylformamide, dimethylsulphoxide, ethanol, methanol, 
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dioxane, ethylacetat or a mixture of any of thes . 

The hydrogenation of a compound of formula (XI) 
according to the process (b) may be carried out in an 
organic solvent under hydrogen pressure varying from about 
5 1 atm to about 10 atm, in the presence of a hydrogenation 
catalyst. The temperature is typically from room 
temperature to about lOO^C. The reduction time typically 
varies from about 30 minutes to about five hours. 

Preferably the solvent is ethanol, acetic acid or a 
10 mixture of any of these and the hydrogenation catalyst is 
platinum oxide (Adams' Catalyst), 5% or 10% palladium on 
charcoal or palladium hydroxide. 

A compound of formula (IX) may be obtained by the 
oxidation of a compound of formula (XII) 

I I 

CO-N C CH Z 




(XII) 

15 wherein Rj, Rj, Rj and A are as defined above and 2 is a 
Cj-Cfi alkyl group unsubstituted or substituted by one or 
more fluorine atoms. 

The oxidation of a compound of formula (XII) may be 
carried ut, for example, in the presenc of an xidising 
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agent such as sodium metaperiodate and potass ivun 
permanganate in an organic solvent and a base such as 
aqueous potassium carbonate. It is suitably performed at a 
temperature of from room temperature to about 60*»C, 
5 typically for a period of from about one hour to about five 
hours . 

Preferably the organic solvent is methanol, ethanol, 
acetone, tetrahydrofuran, dioxane, isopropanol, tert- 
butanol or a mixture of any of these. 

10 The reaction is suitably performed by adding a 

solution of the oxidising agent, for example, sodium 
metaperiodate and potassium permanganate, and the base such 
as potassixim carbonate, in water to a solution of a 
compound of formula {XII ) in an organic solvent, or by 

15 adding simultaneously an aqueous solution of sodium 
metaperiodate and an aqueous solution of potassium 
permanganate to a solution of a compound of formula (XII) 
in an organic solvent and aqueous potassium carbonate. 

Alternatively the oxidation of a compound of formula 

20 (XII) may be carried out with ozone in an organic solvent. 
The reaction is typically continued until all the starting 
material is consumed. The temperatxire of the reaction is 
suitably from about -78*0 to room temperature. An 
oxidizing agent is then added to the reaction mixture to 

25 destroy the resulting ozonide. Preferably, the solvent is 
methylene chloride, ethylacetate, methanol or a mixture of 
any f these. The oxidising agent is preferably hydrogen 
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peroxide . 

When the oxidation of a compound of formula (XII) is 
carried out with ozone, it is possible to perform the 
reaction of a compound of formula (IX) with an amine of 
5 formula (X) as above described, by treating directly the 
ozonide containing reaction mixture with the amine of 
formula (X) typically in excess, thereby directly obtaining 
a compound of formula {XI ) . 

A compound of formula (III) wherein Y is an 
10 activating group of the carboxy function may be prepared 
reacting a compound of formula (III), wherein Y is an OH 
group with a suitable reagent, according to the methods 
used in the synthesis of amidic and peptidic linkages. 
For exam^e, a compound of formula (III) wherein Y is 
15 -s ^^J! may be prepared treating a compound of formula 

(III), wherein Y is an OH group, with 2 , 2-dithio-dipyridine 
in the presence of triphenylphosphine in a solvent such as, 
for example, toluene or methylene chloride, at a 
20 temperature ranging from 0»C to AO'C, for a time varying 
from half an hour to 8 hours. 

A compound of formula (III) wherein Y is an OH group 
may be obtained hydrolysing a compound of formula (XIII) 
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(XIII) 



Wherein R, R,, Rj, R3, a and the symbol are as defined 

above and R, is a protective group of the carboxy function 
easily hydrolysable in suitable conditions, such as, for 
5 example, methyl, ethyl, tert-butyl, benryl or 2,2,2- 
trihaloethyl. 

The reaction may be carried out, for example, when R, 
is tert-butyl, in a solvent such as ethyl acetate, in the 
presence of a strong acid, e.g. gaseous hydrochloric acid, 

10 trifluoroacetic acid, at a temperature ranging from about 
0»C to about 40 "C, for a time varying from about half an 
hour to about 24 hours. 

A compound of formula (XIII) may be obtained by 
reacting a compound of formula (VI) , wherein Y is 

15 preferably an activating group of the carboxy function with 
a compound of formula (XIV) 
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Ri O 

I r ii 

HN C C ORg (XIV) 

Wherein R,, Rj, R3 and Rg are as defined above. 

The reaction may be carried out in a solvent such as, 
for example, methylene chloride, ethylacetate , benzene, 
dioxane, chloroform, tetrahydrofuran, dimethylf ormamide or 
acetonitrile, for a time varying from about half an hour to 
about 72 hours, at a temperature ranging from about O'C to 
the reflux temperature of the solvent (see, for example, 
Tetr. Lett. 22, 1901-904 (1970)). 

The compounds of formula (VI) are known compounds 
(J.M.C. 29 (II) 2298-2315 (1986)). 

A compound of formula (VII) may be obtained 
deprotecting a compound of formula (XV) 

I' 1' 

W— N C C Z (XV) 

I II 
Rj 0 

15 Wherein R,, R^, r, and Z are as defined above and W is an 

amino protecting group commonly used in the synthesis of o- 
aminoacids and peptides, such as, for example, N- 
benzyloxycarbonyl (Cbz) , N-tert-butoxycarbonyl (BOC), 
2,2, 2-trichloroethoxycarbonyl (TCIOC) , 2,2,2- 
20 tribromoethoxycarbonyl (Tbcoc) , trif luoroacetyl (Tfac) . 

The reaction conditions for the deprotection depend 
on the amino protecting group used. 

For example, when W is a BOC group, the reaction may 
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be carried out in a solvent such as, for example, methylene 
chloride, chloroform or ethyl acetate, in the presence of a 
strong acid, e.g. hydrochloric acid or trif luoroacetic 
acid, optionally in the presence of a tert-butyl cation 
5 scavenger such as thioanisole, at a temperature from about 
O'C to about 40»C, for a time varying from half an hour to 
24 hours. 

A compound of formula (XV) wherein R,, Rj, Rj and W 

are as defined above and Z is a -N group wherein R« 

\ 

R, 

10 and R7 are as defined above, may be obtained reacting a 
compound of formula {XVI ) 

Ri R2 O 

i i II 
W-N C C-Y ( XVI ) 

R3 

Wherein R,, R2, r,, w and Y are as defined above with a 
compound of formula (IV) . 

o 

15 For example, when Y is S' n the reaction may be 

carried out in a solvent such as methylene chloride, ethyl 
acetate or dime thy Iformamide, for a time varying from about 
half an hour to 24 hours, at a temperature ranging from 
about 0"C to the reflux temperature of the solvent. 

The compounds of formula (XV) wherein R,, Rj, R3 and W 
are as defined above and Z is a C,-C« alkyl group are known 
compounds; for example, they can be prepared starting from 
a-amino acids, according to the procedure reported in 



20 
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J.O.C. 48, 2260-2266 (1983) or to the Dakin-West reaction 
(J. Biol. Cheiii. 91, 1928). 

The compounds of formula (XV) , wherein Rj, R^, R3 and 
W are as defined above and Z is a Cj-Cg alkyl group 
5 unsubstituted or substituted by one or more fluorine atoms 
are known compounds or they can be obtained by known 
methods, for example, when Z is CF3 the compounds are 
obtained as reported in Tetr. Lett. 27(2), 135-138 (1986) 
and Tetr. Lett. 27(14), 1579-1582 (1986). 

10 The compounds of formula (IV), (V), (VIII), (X), 

(XII) , (XIV) and (XV) wherein Z is a group OR5 as defined 
above and the compounds of formula (XVI) are commercially 
available compounds or they may be prepared by known 
methods described in the literature. 

15 The compounds of formulae (I) and (II) of the present 

invention inhibit specifically the testosterone 5a- 
reductase enzyme and, therefore, are potent antiandrogens. 

For example, the inhibitory effect of the compounds 
of the invention on 5a-reductase was determined in vitro 

20 and in vivo according to the procedure reported herebelow. 
In vitro ass ay of Sor-reductase inhibition 

Inhibition of 5a-reductase was evaluated using the 
particulate fraction from homogenates of hyperplastic human 
prostates as the enzyme source. The particulate fraction 

25 was prepared centrifuging prostate homogenate at 140,000 x 
g. The resulting pellet, washed several times, was 
resuspended in buffer and stored at -80''C in aliquots 
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containing ssio mg protein/ml. 

The assay for 5a-reductase was done in a final volume 
of 0.5 ml, in 4 0 mM TRIS-HCl buffer pH 5.5, containing 1 mM 
dithiothreitol, 5 mM NADPH, 1 mm [**C] testosterone, an 
5 aliquot of the enzyme preparation and various 

concentrations of the inhibitors. After 30 min incubation 
at 37 *c the reaction was terminated by addition of 2 ml 
cold diethyl ether and the organic phase was separated, 
evaporated under and resuspended in ethyl acetate. 

10 Testosterone metabolites in this extract were separated in 
TLC on silica gel F 254 plates (Merck) , using chloroform, 
acetone and n-hexane (2:1:2) as developing solvent system. 
Radioactivity on the plate was scanned and analysed from 
quantitative plots printed by a TLC-analyzer (Berthold) . 

15 The fractional 5a-reduction of testosterone was calculated 
by relating the '^C-radioactivity in the 5tt-reduced 
metabolites (5a-dihydrotesterone, 3a- and 3/S- 
androstanediols) regions to the total radioactivity in the 
testosterone and 5o-reduced metabolites regions. 

2^ The concentration of each compound required to reduce 

control 5a-reductase activity by 50% (IC50) was determined 
by plotting % inhibition versus log of inhibitor 
concentration. 



25 



In vivn inhibition of Sor-reductase 

The standard test for the antiandrogenic effect in 
rats was used. Prepuberal 2 2 -day-old male rats were 
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castrated via scrotal incision under light ether 
anaesthesia, on the seventh day after orchiectomy, 
androgen replacement was performed via sulK:utan.ous 
implantation of l cm-long Silastic' tube (Dow-Comi„,, 
5 model No. 602-265) filled with a mitture of 25% 

testosterone and 75* cholesterol. The rats were then 
treated orally with the tested compounds (7 animals/group, 
once daily for 7 consecutive days. Twenty four hours after 
the last dose the rats were sacrificed and the ventral 
10 prostate was removed and weighed, control animals 

(testosterone controls, received the vehicle ,0.5 ml/kg of 
0.5» Metho=el/0.4» Tween 80). one group of castrated rats 
was not implanted with testosterone (castrated controls,. 
The mean percentage of inhibition of the T-induced 
" hypertrophic response of the prostate was calculated 
according to the following formula: 

» inhibition - 100 X (B„-w,, / (w„-WcC 
Where w„, w„ and w, are the mean prostate weight of 
testosterone control, castrated control and inhibitor 
20 treated group, respectively. 

AS an example, the results obtained with some ' 
representative compound of the invention identified by 
their numbers in the list previously given are shown in the 

following table: 
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TABLE 1 

In vitro and in vivo inhibition of Sor-reduetiase 



5 



Compoimd 


In vitro 
inhibition 
ICjo(nM) 


% Inhibition 
of prostate 
weight at 
3ing/kg/day 
p.o. 


5 


16 


58 


7 


8 


54 


22 


14 


50 



From the results reported in this Table it is evident that 
the new compounds are very potent 5a-reductase inhibitors, 
both in vitro and in vivo. 



^0 view of the above indicated activity the compounds 

of the invention are therapeutically useful in the 
situations in which a decrease in androgen action, by means 
of 5a-reductase inhibition, is desirable such as, for 
example, benign prostatic hyperplasia, prostatic and breast 

15 cancers and certain skin-hair conditions such as, e.g. 
acne, seborrhoea, female hirsutism and male pattern 
baldness. A mammal, e.g. a human or animal, may thus be 
treated by a method which comprises administering thereto a 
pharmaceutically effective amount of a compound of formula 

20 (I) or (II) or a pharmaceutically acceptable salt thereof 
as defined above. 

The toxicity of the compounds of the invention is 
quite negligible so that they can be safely used in 
therapy. The compounds of the invention can be 
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administered in . variety of do.=,e toms 
the form of tablets 

The dosage depends on the age weiahi- 
- patient and administration ro t . ' "^"^ 

-a,e adopted .or orai administratis 1 ZZ j 

""^'^ invention includes 

Pharmaceutical compositions comprisino » 
invention in association .it. a 1 " 
" excipient <„.ic. oan .e a al -"P-Me 

^ ^ carrier or diluent) . 

The pharmaceutical compositions r=«n^ • • 

^ containino th*> 

compounds of the invon^-,- 

^•ne invention are u«5iian,. 

conventional methods and are 12 

ana are administered in a 

Pharmaceutically suitable form. 

" For example, the solid oral f„™ 

together with contain, 

with the active compound, diluents e , / . 
^e>ctrose. saccharose, cellulose, corn starch 

:r:- • - ta^c^racir 

y agents, e.g. starches aT-aK,„ 



wo 94/03476 



PCr/EP93/02038 



- 35 - 

acid, alginates or sodium starch glycolate; effervescing 
mixtures; dye-stuffs; sweeteners; wetting agents, such as 
lecithin, polysorbates , laurylsulphates ; and, in general 
non-toxic and pharmacologically inactive substances used in 
5 pharmaceutical formulations. Said pharmaceutical 
preparations may be manufactured in known manner, for 
example, by means of mixing, granulating, tabletting, 
sugar-coating, or film-coating processes. 

The liquid dispersions for oral administration may 

10 be, e.g. syrups, emulsions and suspensions. 

The syrups may contain as carrier, for example, 
saccharose or saccharose with glycerine and/or mannitol 
and/or sorbitol; in particular a syrup to be administered 
to diabetic patients can contain as carriers only products 

15 not metabolizable to glucose, or metabolizable in very 
small amount to glucose, for example sorbitol. 

The suspensions and the emulsions may contain as 
carrier, for example, a natural gum, agar, sodium alginate, 
pectin, methylcellulose, carboxymethylcellulose, or 

20 polyvinyl alcohol. 

The suspensions or solutions for intramuscular 
injections may contain, together with the active compound, 
a pharmaceutically acceptable carrier, e.g. sterile water, 
olive oil, ethyl oleate, glycol, e.g. propylene glycol and 
25 if desired, a suitable amount of lidocaine hydrochloride. 

The solutions for intravenous injections or infusions 
may contain as carrier, for example, sterile water or 
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preferably they „ay be i„ the \ ru of steril. 

*u wx Sterile, agueoue 

isotonic saline solutions. 

The suppositori.. «y contain together with the 
active ooMpoun. a pha™=eutic.Uy acceptable carrier . , 
= cocoa-butter, polyethylene glycol, a polyo:<yethylene 

-bitan fatty aci. ester surfactant or lecithin 

Conventional carriers ma,, 

arriers nay be used for topical 

formulations. 

The present invention further provides a 
10 formula (i) or fir^ P"vxdes a compound of 

thereof f ^ P^armaceutically acceptable salt 

thereof, for use in a method of treatment of the human 
animal body bv tho^. " °^ 

cly by therapy .n particular for use as a 

testosterone a-reductase inhibitor. 

The present invention further provides the use of a 
15 compound of formula (i) or err, 

^"■i or (11) or a pharmaceuticallv 
acceptable san- ^-v, "t-icaxiy 

salt thereof in the manufacture of a med^ 
for use as a testo..^ =>edicament 
testosterone 5a-reductase inhibitor 
The following Examples further illustrate the 
invention. 

The reported NMR data are a.t. • 

are determined in CDcl, 

The abbreviations THP, dmf, ddo used in th 

specification stand 

respectively, for tetrahydrofuran 
-.ethy„on.a.iae and ..3-dichloro.S,.-dicy.no- 
-n.o^i„one. The nomenclature used to identify the 
= compounds in the foUovin, examples, refers to a \ ■ 
c^ the skeleton .s shown herebelow 
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z 





o 



J6 



15 



EXAMPLE 1 



(22R,S)-N-(l-Neopentylcarbainoyleth-l-yl) 3-oxo-4-a2a-5a- 
ancirost-l-ene-17)S-carboxamide . 

[(I)# ZZZi = double bond, A = bond, R = H, R, = H, = CHj, 
5 R3 « H, Z = NH-CH2-C(CH3)3] 

To a stirred solution of (22RS) -N-Cl-neopentyl- 
carbamoyleth-l-yl) 3-0x0-4 -a2a-5a-androstane-17^- 
carboxamide (460 mg) in anhydrous dioxane (5 ffil) , 
bis { trimethylsilyl ) trif luoroacetamide (BSTFA) ( 1 • 056g) and 
10 2,3-dichloro-5,6-dicyano-l,4-ben2oguinone (227 mg) were 
added, under nitrogen atmosphere, at room temperature. 

After stirring at room temperature for 4 hours, the 
mixture was refluxed for 20 hours. 



15 mixture of methylene chloride (30 ml) and 1% aqueous sodium 
bisulphite solution (5 ml) ; the precipitated hydroquinone 
was removed by filtration, the organic layer was separated, 
washed with 2N HCl (5 ml), brine (5 ml) and anhydrified 
over sodium sulphate. 

20 Removal of the solvent xinder vacuum left a dark br wn 

oil that was purified by flash chr matography on silica gel 



The resulting dark solution was poured into a stirred 
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(eluant: acetone/chloroform so • • 

■i-ij, so obtaining iso mg of 

the title compound (m.p. I6O-1750C) 

KMKCDMSO).: 0.S3 3H, Meas), , 0.75 (s, .h, tBu, , 

O.Sl (s, 3H, Me(l9,), 1.17 (d, 3H, -CONH- 
CH(CH3,-C0NH-), 2.70-3.00 2H, NH-CH,- 

«U), 3.16 (dd, IH, H(5a)), 4.43 (q. , ih, 
-C0NH-CH(CH3)-C0NH-), 5.72 (bs, IH, 
C0NH(4,), 5.63 (dd, 1„, H(2)), 6.62 (d, 

"f^>)' ^-35 (d, IH, C0NH(21,,, 7.71 
(t, IH, CONH) . 
MS (in/2) : 457 jj*. 

343 M- -CONH CH.CCCH,),!* (100%) 

EXAMP^ .t; 2 

15 S^-androstane-iT^-oarboxamide. 

«i - H, 2 . NH-CH,C(eH,),J 

TO a suspension of L-Alanine tert-butyl ester 

hydrochloride (i i3<; <_ , 

(1.136 g) m ethylacetate (25 ml) 

20 triethylamine (o.S7 ml) is added. 

After stirring at room temperature for 30 minutes, 
Pyriayl 3-oxo-,-„a-s„-androstane-l,^-carbothioate <2.03„ 
IS added and the stirring is continued for .0 hours at room 
temperature. 

The mixture is poured into water (250 ml, and 

extracted with methylene chloride (3 x 50 ml^ 

^ ^ 50 nl), the combined 
organic extracts are washed with IK hydrochloric acid. 
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brine, saturated sodium hydrdgen carbonate, brine and 
anhydrified over sodium sulphate. 

The solvent is removed under vacuum and the crude 
solid (2.4 g) so obtained is chromatographed on silica gel 
5 (eluant ethyl acetate / methylene chloride 3:2), so 
obtaining 2.18 g of pure (22S)-N-(3-oxo-4-a2a-5a- 
androstane-17/3-carbonyl) alanine tert-butyl ester, which is 
crystallised from diethylether (1.92 g, m.p. 213-214»C) . 
920 mg of the tert-butyl ester so obtained are 

10 dissolved in methylene chloride (7 ml) ; trif luoroacetic 
acid (1.0 ml) is added and the solution is refluxed for 30 
hours. The mixture is poured into a saturated aqueous 
solution of sodium bicarbonate (25 ml) , and the organic 
layer is separated; the aqueous layer is washed twice with 

15 methylene chloride and acidified to pH 1-2 by slow addition 
of IN hydrochloric acid; the precipitation of the free acid 
occurs; after aging overnight at room temperature, the 
precipitate is filtered and dried; recrystallization from 
hot chloroform affords 690 mg of N-(3-oxo-4-a2a-5o- 

20 androstane-17)S-carbonyl) alanine (m.p. 239-241»C) . Mixture 
of epimers 22S:22R = 85:15). 

To a suspension of (22RS)-N-(3-oxo-4-a2a-5a- 
androstane-l7^-carbonyl) alanine (300 mg) in anhydrous 
toluene (5 ml) , triphenylphosphine (300 mg) and dipyridyl 

25 disulfide (326 mg) were added, and the suspension was 
stirred for 5 hours at room temperature. 

Then neopentylamine (0.629 ml) was added and the 
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Clear yellow solution was stirred at roon. temperature for 
additional 24 hours. 

The solvent was removed under vacuum and the crude 
was chromatographed directly on silica gel eluting with 
5 acetone/Chloroform 3:2, to give 240 mg of the title 
compound (m.p. 140-150*C) . 

NMR (DMSO, 6 : 0.53 (s, 3H, Me(18)), 0.75 (s, 3H, 

Me{19)), 0.80 (s, 9H, tBu) , I.17 (d, 3H, 
-CONH-CH(CH,)-CONH-), 2.70-3.00 (m, 3H, 

+ H(5a)), 4.43 (q, IH, -CONH- 
CH(CH3)-C0NH-), 7.25 (bs, IH, C0NH(4)), 
7.35 (d, IH, C0NH(21)), 7.71 (t, IH, 
CONH) . 

MS (m/2) ; 



15 



345 M - -CONH CHjCCCHj),!* (ioo%) 
EXAMPT.F 

(22RS)-N-(3-oxobut-2-vl^ T-r>v« a ^ 

oouT. J yi) 3-oxo-4-aza-5tt-androstane-i7)8- 

carboxamide . 

[(I), = single bond, A = bond, R = h, R. = h, R, = CH„ 
20 Rj = H, Z = CH3] 

To a stirred suspension of (22RS) .(3-oxo-4-.a^a-5a- 
androstane.l7^-carbonyl,alanine 2.pyridylthioester (725.5 
mg) in anhydrous tetrahydrofurane (30 ml), cooled to -78-c 
under an argon atmosphere, a solution of methylmagnesium 
25 bromide (6 ml, in tetrahydrofurane/toluene 25:75) is added 
dropwise . 

The reaction mixture is stirred at -78 for 30 
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minutes, allowed to rise to -30»C and then quenched with 
10% anunoniim chloride; the resulting solution is extracted 
with ethyl acetate and the organic extracts are washed with 
IN sodium hydroxide, with brine and dried over sodium 
5 sulphate . 

The solvent is removed under vacuum and the solid 
crude is chromatographed on silica gel (eluant 
acetone/chloroform (1:1), so obtaining 123 mg of the title 
compound . 

10 NMR (CDCI3) Si 0.67 (s, 3H, Me(18)), 0.90 (s, 3H, 

Me(19)), 1.35 (d, 3H, CONH-CH (Sij) -CO) , 
2.17 (s, 3H, COCH3), 3.04 (dd, IH, 
H(5a)), 4.62 (q. , IH, CONHCaCCHj) CO) , 
5.34 (bs, IH. C0NH(4)), 6.20 (d, IH, 

15 C0NH(21)). 

MS (m/2): 388 M**; 345 M - 'COCHj''*; 

274 M - •CONHCH(CH3)COCH3''* 

EXAMPLE 4 

(22RS) -N- (2 , 2 , 2-Trif luoro-l-methoxycarbonylethyl) 3-0x0-4- 
2 0 a2a-5a-androst-l-ene-l7/3-carboxamide . 

zzz. = double bond, A = bond, R = H, R, = h, Rj = CFj, 
R3 = H, 2 = OCHj] 

To a solution of 2-pyridyl 3-oxo-4-a2a-5a-androst-l- 
ene-i7^-carbothioate (410 mg) in methylene chloride (5.0 
25 ml) 3,3,3-trifluoro-D,L-alanine methyl ester (300 mg) was 
added and the mixture was heated at reflux for 24 hours. 
The solvent was removed and the crude was chromatographed 
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on silica g^l (eluant: benzene/ethyl acetate/methanol 
84:11:5) so obtaining 100 mg of a white solid compound that 
is crystallised from AcOEt/EtjO to afford 79 og of the pur 
title compound (m.p. 113-120«C) . 
5 NMR (CDClj) S: 0.67 (s, 3H, Me(18)), 0.96 (s, 3H, 

Me(19)), 3.32 (dd, IH, H(5a)), 3.85 (s, 
3H, COOCH3) , 5.40 (n, 2H, C0NHCH(CF3)CO + 
C0NH(4)), 5.80 (dd, IH, H(2)), 6.02 (d, 
IH, C0NH(21)), 6.77 (d, IH, H(l)). 



(n/2) : 


456 








441 


M - 






438 


M - 






425 


M - 





Following an analogous procedure and using the 
15 appropriate starting materials, the compound listed below 
are prepared: 

N- (3 , 3 , 3-trif luoro-2-methyl-l-methoxycarbonylprop-l-yl) 3- 
oxo-4-aza-5tt-androst-i-ene-l7/S-carboxamide; 
N- (4 , 4 , 4-trif luoro-3-methyl-l-methoxycarbonylbut-l-y;) 3- 
2 0 0x0-4 -aza-5a-androst-l-ene-l7/S-carboxamide . 

EXAMPLE 5 

(22S)-N-(3-oxo-hept-2-yl) 3-oxo-4-a2a-5o-androst-l-ene-17|S- 
carboxamide . 

t(I), ™ = double bond, a = bond, R = H, R, « h, Rj = CH3, 
25 R3 = H, z = nBu] 
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To a stirred solution of N-BOC-(L) -alanine (3.784 g, 
20 nunol) in freshly distilled tetrahydrcfurane (60 ml) , a . 
solution of n-butyl lithium (12.5 ml; 1.6 M in n-hexane) 
was added, dropwise, at -10 'C, under a nitrogen atmosphere. 
5 The clear solution was cooled at -78 "C and a further 

amount of n-butyl lithium (25 ml, 1.6 M in n-hexane) was 
added dropwise. 

After stirring at -78 'C for h h the reaction mixture 
was allowed to reach room temperature and, after 1 h at 
10 room temperature the reaction was poured into a diluted 
solution of ammonium chloride and ice (400 ml) and 
extracted with ether (3 x 100 ml). 

The organic extracts were washed with saturated 
ammonium chloride solution, with brine, with water and 
15 anhydrified over sodium sulphate. 

Evaporation of the solvent under vacuum affords a 
crude oil that is purified by flash chromatography on 
silica gel (eluant ethyl acetate/n-hexane 20:80), so 
obtaining l.45g of (2S) -N-BOC-2-aminoheptan-3-one. 
20 (2S)-N-BOC-2-aminoheptan-3-one (1.45g) was dissolved 

in ethyl acetate (25 ml) ; the solution was cooled at about 
-50«c and saturated with gaseous hydrochloric acid. 

After stirring at room temperature overnight, the 
solvent was removed under vacuum and the yellow oil so 
25 obtained was treated with diethyl ether (5ml) , thus 

affording 662 mg of (2S) -2-aminoheptan-3-one hydrochloride 
as a white solid. To a stirred solution of 2-pyridyl 3- 
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oxo-4-a2a-5o-androst-l-ene-i7/3-carbothioate (340 mg) in 
anhydrous methylene chloride (20 ml) and triethylamine 
(0.694 ml), a solution of (S) -2-aminoheptan-3-one 
hydrochloride (410 mg) in anhydrous methylene chloride (25 
5 ml) is added dropwise during i hour. 

The mixture is stirred at room temperature for 18 
hours and then the solvent is removed under vacuum and the 
yellow crude is chromatographed on silica gel (eluant: 
chloroform/ ethyl acetate 50:50), so affording 210 mg of the 
10 title compound (m.p. 218-220«C from ethyl acetate). 
Elemental analysis 

Calculated for CzeH^oNA: C 72.8 6 H 9.41 N 6.53 

found: C 72.42 H 9.05 N 6.46 
0.68 (s, 3H, Me(18)), 0.90 (t, 3H, 
(CH2)3CH3), 0.96 (s, 3H, Me(19)), 1.35 (d, 
3H,-CONH-CH(CH3)CO-) , 2.50 (2dt, 2H, 
COCfljCHj-), 3,26 (dd, IH, H(5a)), 4.62 (q, 
IH, -C0NHCH(CH3)C0-) , 5.34 (bs, IH, 
C0NH(4)), 5.81 (dd, IH, H(2)), 6.20 (d, 
IH, C0NH(21)), 6.77 (d, IH, H(l)). 
3410, 3190, 1712, 1665, 1600 cm' 
428 M** 
343 M - •CO(CH2)3CH3l* 

272 M - *CONHCH(CH3)CO(CH2)3CH3T* (100%) 

25 EXAMPLF fi 

(22S) -N- (3-methylthio-l-methoxycarbonylprop-i-yi) 3-0x0-4- 
a2a-5a-androst-l-ene-l7j8-carboxamide 



NMR {CDCl3)<S: 



15 



20 



IR (nujol) 
MS (m/z): 
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[(I) » = double bond, A = bond, R = h, R, = H, Rj = 

CHiCHzSCHj, R3 = H, Z = OCHj] 

To L-methionine methyl ester hydrochloride (206.3 ng) 
in methylene chloride (5 ml), triethylamine (0.138 ml) is 
5 added; after 10 minutes 2-pyridyl 3-oxo-4-aza'>5a-andro6t-l- 
ene-17^-carbothioate (826 mg) is added to the cloudy 
solution. 

After stirring at room temperature for 24 hours, the 
mixture is loaded directly on a silica gel column and 
10 eluted with methylene chloride/ ethyl acetate 50:50, so 
obtaining 300 mg of solid yellow compound, which is 
crystallised from boiling ethyl acetate/methylene chloride 
(3:1). After filtering and drying under vacuum, 230 mg of 
the title compound are obtained (m.p. 228-229»C) . 

15 

Elemental analysis 

Calculated for C2jH,gN204S: C 64.90 H8.28 N6.05 S6.93 



20 NMR (CDCl,)f: 0.68 (S, 3H, Me(18)), 0.96 (s, 3H, Me(19)), 



found: 



C 64.48 H 8.15 N 5.95 S 7.09 



2.00 (m, 2H, -CH-SHjCHjSCH,) , 2.10 (s, 3H, 



25 



SCHj), 2.55 (t, 2H, -CHjSCHj) , 3.32 (dd, IH, 

H(5o)), 3.75 (s, 3H, COOCH3) , 4.85 (m, IH, 

CONHCHCO), 5.25 (bs, IH, C0NH(4)), 5.81 (dd, 

IH, H(2)), 6.03 (d, IH, C0NH(21)), 6.78 (d. 



IH, H(l)). 



MS (m/z): 



462 K 
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4 01-M - CH^SCHa"** 
388 M - CH2=CHSCH3"I* 
Following an analogous procedure and using the 
appropriate starting materials, the compounds listed below 
5 are prepared: 

N-(2-methoxy-l-methoxycarbonyleth-l-yl) 3-oxo-4-aza-5a- 
androst-l-ene-l7i3-carboxamide . 

EXAMPLE 7 

(22RS)-N-(5-methyl-2-oxohex-3-yl) 3-oxo-4-aza-5a-androst-l- 
10 ene-17/S-carboxamide. 

t(l)/ = double bond, A = bond, R = H, R, = H, Rj = 

-CH2CH(CH3)2, R3 H, 2 = CH3] 

A suspension of D,L leucine (l.O g) in pyridine (3.34 
ml) and acetic anhydride (3.34 ml) is refluxed for 6.0 
15 hours and then at room temperature overnight. 

After diluting with water and IN hydrochloric acid, 
the mixture is extracted thoroughly with methylene 
chloride. The organic layers are washed with IN 
hydrochloric acid, with water until neutral and anhydrified 
20 over sodixim sulphate. 

After evaporating the solvent, the crude brownish oil 
is purified by flash chromatography on silica gel (eluant: 
methylene chloride/acetone 90:10), so obtaining 624 mg of 
(3RS)-N-acetyl-3-amino-5-methylhexan-2-one as a clear oil. 
25 To (3RS)-N-acetyl-3-amino-5-methylhexan-2-one (564 mg) 
dissolved in acetic acid (2.2 ml), concentrated 
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hydrochloric acid (4 ml) is added and the mixture is 
refluxed for 6 hours. The solvents are evaporated under 
vacuum, the crude is treated with a little anhydrous 
ethanol and the product is precipitated by slow addition f 
5 diethylether. 

After filtering, washing with diethyl ether and 
drying under vacuum, 383 mg of (3R,S)-3-amino-5- 
methylhexan-2-one hydrochloride are obtained. 

A mixture of 2-pyridyl 3-oxo-4-a2a-5a-androst-l-ene- 
10 17/S-carbothioate (450 mg) in methylene chloride (22 ml) and 
(3R,S)-3-amino-5-methylhexan-2-one hydrochloride (271 mg) 
is treated with triethylamine (0.458 ml). 

The yellow solution is stirred at room temperature 
for 5 days. 

15 After removing the solvent under vacuum the crude is 

purified by flash chromatography (eluant: methylene 
chloride/acetone 75:25), so obtaining 530 mg of the title 
compound . 

20 Elemental analysis 

Calculated for C2SH40N2O, : C 72.86 H9.41 N6.53 

found : C 71.40 H 9.50 N 6.28 

NMR (CDClj)f: 0.65 (s, 3H, Me (18)), 0.94 (s + d, 9H, 

Me (19) + CH(CIi,)2), 2.11 (s, 3H, COCH,) , 
25 3.31 (dd, IH, H(5a)), 4.70 (m, IH, CONH- 

£H-COCHj) , 5.48 (S, IH, C0NH(4)), 5.80 
(dd, IH, H(2)), 5.87 (d, IH, C0NH(21)), 
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6.77 (d, IH, H(l)). 
MS (m/z) : 428 M** 

413 M - •CHjl* 
385 M - •CHCCHj)"'-' 
5 300 385 - •C4H7N0"'* 

272 300 - C0"1* 
86 •CjHpN"'* (100%) 
Following an analogous procedure and using the 
appropriate starting materials, the compounds listed below 
10 are prepared: 

(22RS)-N-(3-oxobut-2-yl) 3-oxo-4-aza-5a-androst-l-ene-17/S- 
carboxanide. 

NMR (CDClj)*: 0.65 and 0.68 (2s/ 3H. Me(18)), 0.97 (s, 3H, 
Me(19)), 1.38 (d, 3H, -NHCH(£H3) COCHj) , 2.24 
15 (s, 3H, COCH3), 3.33 (dd, IH, H(5q)). 4.63 

(m, IH, NH£H(CH3)C0CHj) , 5.40 (s, IH, NH(4)), 
5.80 (dd, IH, H(2)), 6.10 and 6.20 (2d, IH, 
NH(21)), 6.78 (d, IH, H(l)). 
MS (m/z) : 386 M** 

20 371 M - •CHj"'* 

343 M - •COCHj''-' 
(22RS)-N-(4-methyl-2-oxopent-3-yl) 3-oxo-4-aza-5a-androst- 
l-ene-17/S-carboxaniide 

NMR (CDClj)*: 0.75 and 0.81 (2s, 3H, Me{18)), 0.96 (S, 3H, 
25 Me(l9)), 0.79 and 1.02 (2d, 6H, isopropylic 

methyls), 2.03 (S, 3H, COCH,) , 3.33.(dd, IH, 
H(5o)), 4.72 (m, IH, H(22)), 5.25 (s, IH, 



wo 94/03476 



PCT/EP93/02038 



- 49 - 

NH(4)), 5.81 (dd, IH, H(2)), 5.85 and 5.92 
(2d, IH, NH(21)), 6.78 (d, IH, H{1)). 
MS (m/z) : 414 M** 

N-(4-methyl-2-oxohex-3-yl) 3-oxo-4-aza-5a-androst-l-ene- 
5 17^-carboxamide; 

N-(5,5,5-trif luoro-4-methyl-2-oxopent-3-yl) 3-oxo-4-aza-5a- 
androst-l-ene-17/3-carboxainide ; 

N-(6, 6, 6-trif luoro-5-3nethyl-2-oxohex-3-yl) 3-oxo-4-aza-5a- 
androst-l-ene-17/S-carboxainide ; 
10 N- (5-inethylthio-2-oxopent-3-yl) 3-oxo-4-aza-5a-androst-l- 
ene-17jS-carboxamide ; 

N-(4-methoxy-2-oxobut-3-yl) 3-oxo-4-aza-5a-androst-l-ene- 
17 jS-carboxamide . 

EXAMPLE 8 

15 (22RS) -N-(l, 1, l-trifluoro-3-oxobut-2-yl) 3-oxo-4-a2a-5a- 
androst-l-ene-17jS-carboxamide. 

[(I): = double bond, A = single bond, R = H, R, = H, Rj 

= CF3, R3 = H, Z = CH3] 

D,L-Trif luoroalanine (159 mg) in dry pyridine (0.6 

20 ml) is treated with acetic anhydride (0.6 ml) and stirred 
at room temperature for 4.5 hours. The reaction mixture is 
then acidified with IN hydrochloric acid and extracted 
several times with methylene chloride; the combined organic 
layers are washed with water, dried over sodium sulphate 

25 and evaporated. The crude so obtained is purified by flash 
chromatography (eluant: methylene chloride/ ethyl acetate 
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80:20) to afford 117 mg of (2RS) -N-acetyl 1, 1, 1-trif luoro- 
2 -aminobutan- 3 -one . 

A solution of the a-acetylaminoketone (50 mg) in i ml 
of a mixture of concentrated hydrochloric acid/ 
5 ethanol/water (2:1:1) is refluxed for 6 hours. The 

reaction mixture is evaporated to dryness under vacuum, the 
residue is dissolved in the minimum amount of absolute 
ethanol and diethyl ether is added dropwise until further 
addition causes no more precipitation. The precipitate is 
10 collected by filtration, washed with ether and dried, so 

obtaining 20 mg of (2RS) -1, 1, l-trif luoro-2-aminobutan-3-one 
hydrochloride. A stirred solution of 2-pyridyl 3-oxo-4- 
a2a-5a-androst-l-ene-17/3-carbothioate (237 mg) and (2RS)- 
^/ If l"trif luoro-2-amino-butan-3-one hydrochloride (153 mg) 
15 in methylene chloride (10 ml) is treated dropwise with 
triethylamine (0.241 ml). After 4 hours the reaction 
mixture is evaporated to dryness and the crude is purified 
by flash chromatography (eluant: methylene chloride/acetone 
60:40), so affording 93 mg of the title compound. 
20 NMR (CDCl3)5: 0.67 (s, 3H, Me(18)), 0.96 (s, 3H, Me(19)), 

2.11 (s, 3H, -COCH3), 3.32 (dd, IH, H(5a)), 
5.25 (m, IH, CONH-CH(CFj)-CO-) , 5.40 (s, IH, 
C0NH(4)), 5.80 (dd, IH, H(2)), 6.02 (d, IH, 
C0NH(21)), 6.77 (d, IH, H(l)). 

25 EXAMPLE 9 

(22RS)-N-(l,l,l-trifluoro-2-oxobut-3-yl) 3-oxo-4-a2a-5a- 
androst-l-ene-17/3-carboxajnide. 
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[(I): = .double bond, A = single bond, R = H, Ri = H, Rj 

= CH3, R3 « H, 2 = CF3] 

D,L-Alanine is N-benzoylated by standard procedures 
and the benzamido derivative (l*59g) is cyclized to the 
5 corresponding oxazol-S-one by brief (- 15 minutes) warming 
to 80*C with acetic anhydride (2.9 ml). The reaction 
mixture is then concentrated under vacuum in a rotatory 
evaporator and vacuum distilled twice with toluene. 

The residue is treated with trif luoroacetic anhydride 

10 (3.1 ml) and heated under reflux for 1.75 hours and then at 
room temperature overnight. The volatiles are then removed 
thoroughly under vacuum and the residue is treated with 
oxalic acid (1.2 g) and stirred at 110'*C for 20 minutes. 
The reaction mixture is then diluted with water, and 

15 extracted with ethyl acetate (5 x 30 ml) ; the organic 

layers are anhydrified over sodium sulphate and the solvent 
evaporated under vacuum. 

The crude so obtained is purified by flash 
chromatography on silica gel (eluant: ethyl acetate/n- 

20 hexane 30:70) to afford a solid material that is 

crystallized from carbon tetrachloride; there are obtained 
410 mg of (3RS)-N-benzoyl 1, 1, 1-trif luoro-3-aminobutan-2- 
one, partially in the hydrate form. 

A solution of the ketone-hydrate mixture (404 mg) in 

25 ethanol (3 ml), cooled to 0«C, is treated with 

sodixamborohydride (NaBH^, 62 mg) . The reaction mixture is 
stirred at room temperature for 4 hours, then it is 



wo 94/03476 



PCT/EP93/02038 



- 52 - 

acidified with 6N hydrochloric acid and extracted with 

ethyl acetate; the organic extracts are washed with water, 

dried over soditm sulphate and flush-evaporated to afford 

404 mg of (2RS-3RS)-N-ben2oyl 1, 1, 1-trif luoro-s-aminobutan- 
5 2-ol. 

A solution Of trifluorobenzamidoalcohol (333 mg) in 
94 nil of a mixture of concentrated hydrochloric 
acid/ethanol/water (2:1:1) was stirred under reflux for 23 
hours. The reaction mixture was then evaporated under 

10 vacuum and the residue dissolved in water (13 ml) and 
extracted several times with diethyl ether. Flush 
evaporation of the aqueous layer afforded a pale-green 
solid that, after trituration with ethyl acetate, gave 190 
mg of (2RS-3RS)-i,i,i-trifluoro-3-ainino-butan-2-ol 

15 hydrochloride as a white solid (mixture of both pairs of 
enantiomers) . 

A stirred solution of 2-pyridyl 3-oxo-4-a2a-5a- 
androst-i-ene-17^-carbothioate (344 mg) and (2RS-3RS). 
l,l,l-trifluoro-3-amino-butan-2-ol hydrochloride in 
20 methylene chloride (14 ml) is treated dropwise with 
triethylamine (0.175 ml). After 2 days the reaction 
mixture was evaporated to dryness and purified by flash 
chromatography on silica gel (eluant: methylene 
Chloride/acetone 70:30) to afford 338 mg of (22RS-23RS) -n- 
25 (l.l,l-trifluoro-2-hydroxybut-3-yl) 3-oxo-4-aza-5a-androst- 
l-ene-i7^-carboxamide [(H), ... « double bond, A = single 
bond, R = H, R, » H, R, = CH3, R, = H, 2 = CF,] 
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MS (B/z) : 442 M** (100%) 

427 M - •CHjl"' 

272 M - 'CONHCH — CH-CFj""* 
5 II 

CH3 OH 

IR (CHCI3) : 1700, 1670 cm-' 

NMR (CDClj) 6: 0.70 (s, 3H, Me(18)), 0.97 (s, 3H, Me(19)), 
1.3 (d, 3H, C0NHCHCH3CH(0H)-) , 3.33 (dd, IH, 
10 H(5a)), 4.05 (m, IH, -CH(0H)CF3), 4.31 (m, 

IH, CONHCH (CHj) ) , 4.90 and 5.05 (2m, IH, 
OH), 5.39 (s, IH, NH(4)), 5.54 (m, IH, 
NH(21)), 5.8 (dd, IH, H(2)), 6.78 (d, IH, 
H(l)) . 

15 A solution of (22RS-23RS)-N-(l,l,l-trifluoro-2- 

hydroxybut-3-yl) 3-oxo-4-aza-5o-androst-l-ene-17/S- 
carboxamide (110 mg) in methylene chloride (1,1 ml) is 
added within 20 minutes to a stirred solution of oxalyl 
chloride (0.095 ml) and dimethylsulf oxide (0.171 ml) in 

20 methylene chloride (2.0 ml), prepared according to the 
usual procedure, at -10«»C. The reaction temperature is 
maintained for 15 minutes, triethylamine (0.173 ml) is 
added dropwise and then the mixture is allowed to warm to 
room temperature. Water is added and the aqueous layer is 

25 extracted several times with ethyl acetate. 

The combined organic extracts are washed with water, 
dried over sodixam sulphate and the solvent is removed under 
vacuum . 
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Purification of the crude by flash chromatography 
(methylene chloride/acetone 70:30) affords 73 mg of the 
title compound, as a mixture of trif luoroketone and its 
hydrate form. 
5 MS (m/2): 458 M** hydrated form 
440 M** ketone form 

425 M - 'CHjl* 
343 M - •COCF3"'* 
300 M - •NH-CH(CH3)C0CF3"'* 
10 IR (CDCI3) : 3260, 3170, 1770, 1700, 1670 cm*' 

NMR (CDCl3)tf: 0.70 (s, 3H, Me{18)), 0.97 (s, 3H, Me(19)), 
1.35 and 1.45 (2d, 3H, NHCH(£H3) COCF3 hydrate 
and ketone forms), 3.33 (dd, IH, H(5o)), 
4.15 and 5.00 (2m, IH, NHCH(CHj) COCF3 hydrate 
15 and ketone forms), 5.70 - 6.05 (m, NH(4) + 

NH(2l) hydrate and ketone forms + OH hydrate 
form), 5.80 (dd, IH, H(2)), 6.78 (d, IH, 
, H(l)). 

Following an analogous procedure and using the D,L- 
20 valine as starting material, (22RS-23RS) -N- (1, l, 1- 

trifluoro-4-methyl-2-hydroxypent-3-yl) 3-oxo-4-a2a-5o- 
androst-l-ene-l7^-carboxamide [ (II) : » double bond, 
A = single bond, R = H, R, = H, Rj = CH(CH3)j, R3 = H, 
2 = CF3] is prepared: 
25 MS (m/z) : 470 M** 

4 55 M - "CHjl* 
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371 M - •CHCFjl* 

I 

OH 

OH 

I , 

300 M - CONHCHCH-CFj ' ■ 
CH(CH3)2 



NMR (CDClj) Si 0.78 (s, 3H, Me(18)), 1.00 (s, 3H, Me(19)), 
10 1.00 - 1.15 (2d, 6H, CH(CHj),), 3.33 (dd, IH, 

H(5a)), 3.85 - 4.40 {2m, 2H, 

NHCH{iPr)CH(0H)CF3) , 5.10 {bm, IH, OH), 5.45 
(d, IH, NH(21)), 5.55 (bs, IH, NH(4)), 5.80 
(dd, IH, H(2)), 6.80 (d, IH, H{1)).. 
15 The oxidation of this compound by the Swern reagent 

affords (22RS) -N-(l, 1, 1-trif luoro-4-methyl-2-=oxo-pent-3-yl] 

3-oxo-4-aza-5a-androst-l-ene-17iS-carboxamide [(I): = 

double bond, A = single bond, R = H, R, = H, Rj = CHCCHj)^ , - 
R3 = H, Z = CFj] as a mixture or epimers almost exclusively 
20 in the ketone form. 

MS (m/z) : 486 M** hydrated form 
468 K** ketone form 
453 h - 'CHjl* 
371 M - •COCF3"'* 
25 300 M - NHCH-COCF3"'* 

CH(CH,)j 

NMR (CDCI3) S: 0.64 and 0.70 (2s, IH, Me(18)), 0.97 (s, 3H, 
Me(19)), 0.85 and 1.05 (4d, 6H, CH(CH3)2) , 
30 3.33 (dd, IH, H(5o)), 5.05 (2m, IH, NH- 
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Cfi(iPr)C0CF3) , 5.55 (s, IH, NH(4)), 5.63 and 
5.75 (2d, IH, NH(21)), 5.80 (dd, IH, H(2)), 
6.77 (d, IH, H(l) ) . 
Following an analogous procedure and using 
5 phenylalanine as starting material, N-(l, i, i-trif luoro-2- 
oxo-4-phenylbut-3-yl) 3-oxo-4-aza-5a-androst-l-ene-17^- 
carboxamide was obtained. 

Following an analogous procedure and using 
pentaf luoropropionic anhydride instead of trif luoroacetic 
10 anhydride, the corresponding pentaf luoroketones are 
obtained, e.g., starting from alanine, N-(l, 1, 1,2,2- 
pentaf luoro-3-oxopent-4-yl) 3-oxo-4-a2a-5tt-androst-l-ene- 
17^-carboxamide was obtained. 

15 EXAMPLE 10 

N- ( 1 , 1 , 1-trif luoro-3-methyl-2-oxobut-3-yl) 3-oxo-4-a2a-5a- 
androst-l-ene-17/3-carboxamide . 

[(I): zzz. = double bond, A = single bond, R = H, R, = H, Rj 
= CHj, Rj = CHj, Z = CFj] 

20 A mixture of trif louroacetaldehyde ethyl hemiacetal 

(2.58 ml), 2-nitropropane (1.81 ml) and potassium carbonate 
(111 mg) is stirred at 65»C (oil bath temperature) for 6 
hours followed by 2.5 days at room temperature. The 
reaction mixture is diluted with water (lOO ml) and 

25 extracted with methylene chloride (100 ml + 5 x 50 ml) . 

The combined organic layers are dried over sodium sulphate 
and the solvent is evaporated under reduced pressure. 
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Purification of the liquid residue by flash chromatography 
on silica gel (eluant n-hexane/ethylacetate 85:15) affords 
3-'iDethyl-3-nitro-l,l,l-trifluorobutan-2-ol as an oil 
(2.005 g) 

5 NMR (CDClj)^: 1.75 {m, BE, 2CH3) , 3.1 (m, IH, OH), 4.75 

(m, IH, CFjCH-) 
The /S-nitroalcohol (2.005g) in 95% ethanol (SOinl) is 
reduced in a Parr shaker under 50 psi of hydrogen pressure, 
with Raney Nickel (W-2) as catalyst. The catalyst is 
10 filtered off, the solution is treated with 37% hydrochloric 
acid and the solvent is evaporated under vacuum, so 
affording a solid residue which is further purified by re- 
crystallisation from ethanol /diethyl ether : 1,663 g of 
(2RS) -3-amino-3-methyl-l, 1, 1-trif luoro-butan-2-ol 
15 hydrochloride are obtained (m.p. 237-245* dec). 

A stirred solution of 2-pyridyl 3-oxo-4-a2a-5a- 
androst-l-ene-17iS-carbothioate (500 mg) and (2R,S) -3-amino- 
3-methyl-l, 1, l-trif luoro-butan-2-ol hydrochloride (470 mg) 
in anhydrous dimethylf ormamide (20 ml) is treated dropwise 
20 with triethylamine (0.509 ml) and then is heated to 100 
for 18 hours. 

After diluting with benzene to a volume of about 150 
ml, the reaction mixture is washed with water (150 ml) with 
IN hydrochloric acid (2 x 25 ml), with water until neutral 
25 and dried over sodium sulphate. The solvent is evaporated 
under vacuum and the crude residue is pxirified by flash 
chromatography on silica gel (eluant: Benzene/ ethyl- 
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acetate/methanol 82:10:8) to yield 466 mg of (23RS)-N- 
(1,1,1-trif luoro-2-hydroxy-3-inethylbut-3-yl) 3-oxo-4-a2a- 

5a-androst-l-ene-17/3-carboxamide [(II): = double bond, 

A = single bond, R = H, R, = H, = CHj, R3 = CH3 , Z = CFj] 
5 MS (m/z) : 456 M** 

441 M - •CHj'l* 
357 M - •CHCFj"'* 
10 OH 

NMR (CDCI3) S: 0.70 (s, 3H, Me(18)), 0.97 (s, 3H, Me(19)), 
1.40 and 1.50 (2s, 6H, NH-C(CH3)2-CH(OH) CFj) , 
3.33 (jn, IH, H(5a)), 3.70 (in, IH, OH), 3.90 
(m, IH, -CH(0H)CF3), 5.45 (s, IH, NH(4)), 
^5 5.70 (s, IH, NH{21)), 5.82 (dd, IH, H(2)), 

6.77 (d, IH, H(l) ) . 
A solution of (23RS) -N- (1 , i, i-trif luoro-2-hydroxy-3- 
methylbut-3-yl ) 3-oxo-4-aza-5a-androst-l-ene-17/3- 
carboxamide (250 mg) in methylene chloride (3 ml) is added, 
20 within 20 minutes, to a stirred solution of oxalyl chloride 
(0.211 ml) and dimethylsulf oxide (0.373 ml) in methylene 
chloride (7 ml) (prepared according to the Swern procedure 
at about -60»C), maintaining the temperature at -21»C, 
under an inert atmosphere of nitrogen. After 15 minutes 
25 triethylamine (0.381 ml) is added dropwise and then the 
reaction mixture is allowed to warm to room temperature. 

After staying at room temperature overnight the 
mixture is diluted with methylene chloride (70 ml) and 
water (30 ml) ; the organic layer is separated, is dried 



wo 94/03476 



PCT/EP93/02038 



- 59 - 

over sodivom sulphate and the solvent is evaporated under 
reduced pressure. 

The crude foam so obtained is purified by flash 
chromatography on silica gel (eluant : nethylene 
5 chloride/acetone 80:20) to yield the title compound, as a 
foam which solidifies by treatment with diethylether (m.p. 
283-286«»C), almost completely in the ketone form. 
MS (m/2) : 472 M** hydrate form 

454 M** ketone form 
10 439 M - •CHj"'* 

357 M - •COCFjl* 
300 M - •NH-C(CH3)2C0CF3"'* 
NMR (CDClj) S: 0.68 (s, 3H, Me(18)), 0.97 (s," 3H, Me(19)), 
1.52 (S, 6H, NH-C(CH3)j-C0CF,) , 3.33 (dd, IH, 
^5 H(5q)), 5.45 (s, IH, NH(4)), 5.75 (s, IH, 

NH(21)), 5.82 (dd, IH, H(2)), 6.77 (d, IH, 
H(l)) . 

Following an analogous procedure and using the 
appropriate starting material the below reported compounds 

20 were obtained: 

N-(3-methyl-2-oxobut-3-yl) 3-oxo-4-a2a-5a-androst-l-ene- 
17^-carboxamide [(I): = double bond, A = single bond, R 
= H, R, = H, Rj = CHj, Rj = CH, , Z = CH3] ; 
N-(i,i,i-trifluoro-2-oxo-3-phenylpropyl) 3-oxo-4-aza-5o- 

25 androst-l-ene-17/S-carboxamide ; 

N-(l,i,i-trifluoro-3-methyl-2-oxo-3-phenylpropyl) 3-0x0-4- 



wo 94/03476 



PCT/EP93/02038 



10 



- 60 - 

a2a-5a-androst-l-ene-l7/S-carboxamide. 

EXAMPLE n 

(22RS)-N-(4,4-diinethyl-2-oxopent-3-yl) 3-oxo-4-a2a-5a- 
androst-l-ene-l7^-carboxamide [(I): = double bond, A = 
single bond, bond, R = H, R, = H, Rj = CHCCHj),, R3 = H, Z = 
CH3] 

To a stirred solution of (L) -tert-butyl-leucine (3.1 
g) in IN sodium hydroxide (23.6 ml), maintained at about 
15 oc, ethyl chloroformate (2.3 ml) is added portionwise 
over about 1 hour while maintaining the pH between 9.0 and 
9.5 by eventual addition of IN sodium hydroxide. 

After stirring for half an hour at pH 9.5, the 
solution is cooled to 0»c, washed twice with diethylether, 
acidified with 40% phosphoric acid to pH l.o and extracted 
15 with methylene chloride. The organic extracts are dried 
over sodium sulphate and the solvent is removed under 
vacuum. 

The crude is purified by chromatography on silica gel 
(eluant n-hexane/ethylacetate/acetic acid 70:30:1) so 
20 affording 4.5 g of N- (ethoxycarbonyl) -L-tert-butyl-leucine. 

To N- (ethoxycarbonyl) -L-tert-butyl-leucine (980 mg) 
dissolved in freshly distilled tetrahydrofurane (25 ml) 
methylithium (2.78 ml of a 1.57 M solution in diethyl 
ether) is added while cooling at -lO'C under inert 
25 atmosphere of nitrogen. 

After stirring at -io»c for 15 minutes, the reaction 
mixture is cooled to about -40»C and further methyl lithium 
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(8.37 ml of a 1.57 M solution in diethylether) is added. 

After stirring at -3 5*C for 1 hour the reaction 
mixture is allowed to warm to room temperature and stirred 
for 14 hours, and then it is poured into ice-cooled 40% 
5 H3P04 (100 ml) and extracted with ethyl acetate (4 x 50 
ml) . The organic extracts are washed with NaHCOj, with 
brine, dried over sodium sulphate and the solvent is 
evaporated under vacuum. The crude is purified by 
chromatography on silica gel (eluant n-hexane/ethylacetate 

10 80:20) thus affording 140 mg of N-ethoxycarbonyl-3-amino- 
4 , 4-dimethyl-pentan-2-one. 

N-ethoxycarbonyl-3-amino-4 , 4-dimethyl-pentan-2-one 
(203 mg) is dissolved in 48% aqueous hydrobromic acid (4 
ml) and the solution is stirred under reflux for 6 hours. 

15 The reaction mixture is then evaporated under reduced 

pressure to give a solid residue, that is further purified 
by recrystallisation (from ethanol/diethylether) to afford 
149 mg of pure (3RS) -3-amino-4 , 4-dimethyl-pentan-2-one 
hydrobromide (m.p. 218-220**C) 

20 NMR (CDCl3)tf: 1.1 (s, 9H, tBu) , 2.35 (s, 3H, COCH3) , 4.15 

(S, IH, -CH(tBu)) 
A solution of 2-pyridyl 3-oxo-4-aza-5a-androst-l-ene- 
17^-carboxylate (100 mg) and (3RS) -3-amino-4 , 4-dimethyl- 
pentan-2-one hydrobromide (64 mg) in methylene chloride (4 

25 ml) is treated dropwise with triethylamine (0.051 ml) and 
the mixture is stirred at room temperature f r 3.5 days. 
The solvent is evaporated under reduc d pressure and the 
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residue is purified by flash chromatography on silica gel 
(eluant methylene chloride /acetone 80:20) to yield 81 ng of 
the title compound (1:1 mixture of both epimers) 
MS (m/2) : 428 M** 
5 NMR (CDClj) 5: 0.62 and 0.72 (2s, 3H, Me(18)), 0.97 (s, 3H, 

Me(19)), 1.00 (s, 9H, tBu) , 2.28 (s, 3H, 
COCHj), 3.33 (dd, IH, H(5a)), 4.55 (m, IH, 
CH(tBu)), 5.38 (s, IH, NH(4)), 5.81 (dd, IH, 
H(2)), 5.90 (m, IH, NH(21)), 6.78 (d, IH, 
10 H(l)). 



EXAMPLE 12 

(22RS) -N- (1 , 1 , 1-trif luoro-2-oxobut-3-yl) 3-oxo-4-a2a-5a- 

androstane-17/S-carboxamide [(I): = double bond, A = 

single bond, R = H, R, = H, Rj = CHj, Rj = H, Z = CF,] 

15 To a stirred solution of (2RS-3RS) -i, i, i-trif luoro-3- 

amino-butan-2-ol hydrochloride (525 mg) (obtained as 
described in the example 9) in methylene chloride (30 ml), 
triethylamine (0.39 ml) is added, at room temperature. 
After 30 minutes solid 2-pyridyl 3-oxo-androst-4-ene-17j3- 

20 carbothioate (1.00 g) is added and the mixture is refluxed 
for 24 hours. After diluting with methylene chloride the 
reaction mixture is washed with IN hydrochloric acid, water 
until neutrality and dried over sodium sulphate. The 
solvent is removed under vacuum and the crude (1.1 g) is 

25 purified by flash chromatography (eluant: n-hexane/ 

ethylacetate 60:40) so obtaining 890 mg of solid (22RS- 
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23RS) -N- (1, 1, 1-trif luoro-2-hydroxybut-3-yl) 3-oxo-androst- 
4-ene-17/S-carboxaniide [{XII): A = single bond, R, = H, R, = 
CHi, Rj = H, Z = CF3) 

To a solution of (22RS-23RS)-N- (1,1, 1-trif luoro-2- 
5 hydroxybut-3-yl) 3-oxo-androst-4-ene-17/3-carboxainide (690 
mg) in tert-butanol (9 ml) and 2M aqueous sodium carbonate 
(1.04 ml), a 2% aqueous potassium permanganate solution 
(0.882 ml) and a 0.75 M sodium metaperiodate aqueous 
solution (17.5 ml) are added dropwise simultaneously, at 

10 such a rate that the colour of the reaction mixture remains 
always pink (over about 30 minutes) at about 35-40»C. 

After stirring at 40«'C for 3 hours, the reaction 
mixture is cooled to 30-C, filtered and the tert-butanol is 
removed under vacuum. By slow addition of IN hydrochloric 

15 acid, at about O'C, the precipitation of the crude keto- 
acid occurs. Purification of the crude by flash 
chromatography (eluant ethyl acetate/n-hexane 70/30) 
affords 260 mg of (22RS-23RS) -17|S-[N-(1, i, i-trif luoro-2- 
hydroxybut-3-yl) carbamoyl ] -5-oxo-4-nor-3 , 5-secoandrostan-3- 

20 oic acid [(IX): A = single bond, R, = H, Rj = CHj, R, = H, Z 
= CF3] 

A suspension of the secoacid so obtained (260 mg) in 
ethylene glycol (3.0 ml) is saturated at o»C with gaseous 
ammonia: the secoacid dissolves completely. The solution 
25 so obtained is heated slowly at 180 'C over about 1 hour and 
maintained at this temperature for 20 minutes. 

After cooling to room temperature and diluting with 
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water, the reaction mixture is extracted with methylene 
chloride. The combined organic extracts are washed with 
water until neutrality, dried over sodium sulphate and the 
solvent is evaporated under vacuum. 
5 Purification of the brown crude so obtained, by flash 

chromatography on silica gel (eluant: methylene 
chloride/acetone 80:20) affords 150 mg of (22RS-23RS) -N- 
(1,1, 1-trif luoro-2-hydroxybut-3-yl) 3-oxo-4-a2a-androst-5- 
ene-l7^-carboxamide. [(XI): A = single bond, r = h, R, = 
10 H, Rj = CHj, R3 = H, Z = CF3]. 

A solution of (22RS-23RS)-N-(l,l,i-trifluoro-2- 
hydroxybut-3-yl) 3-oxo-4-a2a-androst-5-ene-l7/S-carboxamide 
(150 mg) in glacial acetic acid is hydrogenated in the 
presence of PtOj (Adams' catalyst) under a pressure of 45 
15 psi of hydrogen at 45«'C. 

The reaction mixture is cooled, the catalyst is 
filtered off and the solvent is removed under reduced 
pressure. The residue is taken up with methylene chloride, 
washed with IN sulphuric acid, with brine, with sodium 
20 carbonate, with brine, with water, dried over sodium 
sulphate and the solvent is removed under vacuum. The 
crude is purified by flash chromatography on silica gel 
(eluant methylene chloride/acetone 70:30) to afford 132 mg 
of (22RS-23RS)-N-(l,l,i-trifluoro-2-hydroxybut-3-yl) 3-oxo- 
25 4-a2a-5a-androstane-17/S-carboxamide. [ (II) :~ = single 
bond, A = single bond, R = H, R, = H, Rj = CH,, 
R3 = H, Z - CFj] . 
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The oxidation of the triflu roalcohol so obtained 
with the Swern reaction, analogously to the example 9, 
affords (22RS-23RS)-N-(l,l,i-trifluoro-2-oxo-but-3-yl) 3- 

oxo-4-aza-5o-ancirostane-l7/S-carboxaiiiide. [(I): = singl 

5 bond, A = single bond, R = H, Ri = H, Rj = CH3, R3 = H, Z = 
CH3]. 

EXAMPLE 13 

Scored tablets for oral use, each containing 250 mg 
of the active substance, were manufactured as follows. 

10 Composition (for 10,000 tablets) 

N-[i, 1, i-trif luoro-2-oxobut-3-yl] 3-oxo-4-a2a-5a-androst-l 
ene-17)S-carboxamide 2500 g 

corn starch 275 g 

talc powder 187 g 

15 calcium stearate 38 g 

The active substance was granulated with a 4% w/v 
aqueous solution of methyl cellulose. To the dried 
granules a mixture of the remainder of the ingredients is 
added and the final mixture compressed into tablets of 

20 proper weight. 



EXAMPLE 14 

Two-piece hard gelatin capsules for oral use, each 
containing 250 mg of active substance were manufactured as 
follows. 

25 Compositions for 10,000 capsules 
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''-ri,l,l-trifiuoro.2-oxobut-3-vn , 
ene-i7^.carboxa.ide ^--a- 5a-androst-i. 

lactose 9 

1000 o 

corn starch ^ 
5 talc powder ^ 
calcium stearate ' 

The active substance was ■ " ^ 

lar.^«» "^'^ ^^^^ the starch- 

lactose mixture followed by the tain . 

y the talc and calciur, stearate. 

EXAMPT.P fe 

° Scored tablets for oral us^ 

°^ the active subst " containing 250 .g 

tive substance, were manufactured as ^ . , 
composition Cfor io,ooo tablets, 

N-fl.l,l-trifiuoro.2-oxobut-3-yi, 3 

ene-i7^-carboxamide °^-^-za-5.-androst-i> 
corn starch ^ 
talc powder ^ 
calcium stearate ' 
The active substance was granulated will \ 
aqueous solution of .ethyl cellulose. .0 t V- 
-nules a mixture of the remainder of tl ^ri^^ ' 
added and the fin;,i • ingredients is 

final mixture compressed into tabi.. 
proper weight. tablets of 
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(I) 



10 



wherein: R 

R is a hydrogen atom or a C,-C4 alkyl group 

unsubstituted or substituted by one or more fluorine 
atoms ; 

A is a single bond or a straight or branched Cj-C^ 

alkylene chain; 
Rj is a hydrogen atom or a Cj-C^ alkyl group 

unsubstituted or substituted by one or more fluorine 

atoms ; 



R-) is: 



15 



20 



(a) a Cj-Cft alkyl group unsxibstituted or substituted 
by one or more substituents chosen from fluoro, 
C,-C4 alkoxycarbonyl , carbamoyl, carboxy, 
hydroxy, CJ-C4 alkoxy, amino, di-Ci-C4 
alkylamino, mercapto and C,-C4 alkylthio, or 

(b) a C5-C7 cycloalkyl or a Ce-Cjo cycl alkylalkyl 
group, unsubstituted or substituted by one or 
more flu rine at ms, or 
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(c) an aryl or a c . , 

J' or a C7-c,o aryiaikyi group 

«=re su.stitue„ts chc.en halogen, c,-c 

alkyl, C.-C, allcoxy, hydros 
trifluoromethyl, or 
<^> a C.-C,. heterocycloalkyl group in „Wch the 
heterocyclic ri„, contains one or .ore 
heteroato.. chosen fro„ n, „ and s, 
-substitute, or ri„, substitute, by one or 
nore fluorine atoms; 



10 



15 2 is; 



20 



25 



C,. arylauyl group, unsubstituted or r' 
by one or , substituted 
' " -""^ituents Chosen .ro. halogen c -c 

"^-^ -a tri.luoroJyi; 

~ituted or substituted 
"y on. or «,or, fluorine aton«, 

" group Wherein is a c-c ai. , 

s i= a c,-c, alkyl group, 

/ 

f'^') a -N group Wherein each of and p • 

\ ' or R« and R,, indepen- 

■"ently, is hydrogen, c,-c. alXyi, c-c, 

cycloalkyi or phenyl or R, . . 

With th. ' together 

a pit t " "-'^ 

° P-t""— or hexato„ic saturated 

het.«„o„ocyclic ring, optionally containing at 
"-tional heteroato. selected .ro. 
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oxygen and nitrogen; and 

the symbol represents a single or a double bond; 

provided that when 2 is a group OR5 
R2 is not an unsubstituted C,-C^ alkyl group; 
5 and the pharmaceutically acceptable salts thereof. 

2. A compound according to claim 1 wherein: 
R is hydrogen or methyl; 

A is a single bond; 
Ri is hydrogen; 
10 R2 is methyl, iso-propyl, iso-butyl, sec-butyl, tert- 

butyl , trif luoromethyl , l^trif luoromethy leth-l-yl , 2- 

trif luoromethylprop-l-yl , 2-methylthioeth-l-yl , 

methoxymethyl, phenyl or benzyl; 
R3 is hydrogen or methyl; 
15 2 is methyl, n-butyl, trif luoromethyl, 

pentaf luoroethyl, a group OR5 wherein R5 is methyl, 

ethyl or tert-butyl, 

/ 

or a group -N wherein each of and R7 
R7 

is, independently, hydrogen, ethyl, isopropyl or 
neopentyl; and 

20 the symbol represents a single or a double bond 

provided that when Z is a group OR,, is trif luoromethyl , 
1-trifluoromethyleth-l-yl, 2-trif luoromethylpr p-l-yl, 2- 
methylthioethyl, methoxyoethyl , phenyl or benzyl. 

3. A compound selected from the group consisting 
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Of N-d-neopentylcarbamoyleth-i-yi, 3-oxo-4.aza-5a- 
androstane-i7^-carboxaniide ; 

N-d-neopentylcarbamoyleth-l-vll -^-nv^ a 

i v.« X yj.; J-oxo-4-aza-5tt-androst-i- 

ene-i7;8-carboxeunide ; 

5 N.f3.oxobut-2.yl] 3-oxo.4-a2a-5a.androstane.i7^. 

carboxamide; 

carboxamide; 

^ 3-oxo-4-aza-5a-androst-i- 

10 ene-17/3-carboxamide; 

K-t4-«ethyl-a-oxopent-3-yl, 3-oxo-4-aza-5a-anaro«-l-e„e- 

17^-carboxamide ; 

N-[l,l,l.trifluoro-4-.ethyl.2.oxopent-3.yi3 3-oxo-4-aza.5a- 
androst-i-ene-17/S-carboxainide; 

15 N-f5-inethyl-2-oxohex-3-vn a 

nex 3 yi] 3-oxo-4-a2a-5a-androst-l-ene- 

17^-carboxamide ; 

N-[4-inethyl-2-oxohex-3-yl] 3-oxo-4-a^» c; 

y-Lj J oxo 4-aza-5a-androst-i-ene- 

17^-carboxaniide ; 

20 ene-17/S-carboxaffiide; 

N-tl,l,i-trifluoro-3-oxobut-2-vn 3-«v« ^ 

^ yij 3-oxo-4-aza-5tt-androst-i- 

ene-i7j8-carboxainide ; 

H-t2.2,J.tri£auoro-x-„ethoxy=arbonyleth-l-yi) 3-c«-4-aza- 
5a-ancirost-l-ene-l7^-carboxamide; 

" ''-I=. = ,S-triflucro-.-.ethyl-.-oxopent-3-yij 3-ox,>-4-aza-5.- 
androst-i-ene-l7/3-carboxai>ide,- 

-[3.3, ^-'rl£lucro-2-„ethyl-i-„eth=xy=arbo„yiprop-i-yi) 3- 
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oxo-4-a2a-5a-androst-l-ene*l73-carboxainide; 

N- [ 6 , 6 , 6-tr if luoro-5-methy 1-2 -oxohex-3 -y 1 ] 3 -oxo-4 -aza-So- 

androst-l-ene-17)S-carboxamide ; 

N- [ 4 , 4 , 4-trif luoro-3-inethyl-l-inethoxycarbonylbut-l-yl ] 3- 
5 oxo-4 -a2a-5a-androst-l-ene-17)S-carboxamide; 

N-[5-inethylthio-2-oxopent-3-yl] 3-oxo-4-a2a-5a-androst-l- 
ene-l7^-carboxaiaide ; 

N-[3-inethylthio-l-inethoxycarbonylprop-l-yl] 3-oxo-4-a2a-5a 
androst-l-ene-17^-carboxainide ; 
10 N-[4-methoxy-2-oxobut-3-yl] 3-oxo-4-a2a-5a-androst-l-ene- 
17)S-carboxamide ; 

N-[2-inethoxy-l-methoxycarbonyleth-l-yl] 3-oxo-4-a2a-5a- 
androst-l-ene-17^-carboxaniide ; 

N-[3-oxobut-2-yl] 3-oxo-4-a2a-5a-androst-l-ene-17^- 
15 carboxamide; 

N-[l, 1, i-trif luoro-3-inethyl-2-oxobut-3-yl] 3-oxo-4-a2a-5a- 
androst-l-ene-17/3-carboxamide; 

N-[3-methyl-2-oxobut-3-yl] 3-oxo-4-a2a-5a-androst-l-ene- 
17/3-carboxamide ; 
20 N- [ 1 , 1 , 1-trif luoro-2-oxo-4-phenylbut-3-yl ] 3-oxo-4-a2a-5a- 
androst-l-ene-17/3-carboxamide; 

N-[l, 1, i-trif luoro-2-oxo-3-phenylpropyl] 3-oxo-4-a2a-5a- 
androst-l-ene-17)3-carboxamide ; 

N-tl,l, l-trifluoro-3-methyl-2-oxo-3-phenylpropyl] 3-oxo-4- 
25 a2a-5tt-androst-l-ene-17/5-carboxainide; and 

N- [ 1 , 1 , 1 , 2 , 2-pentaf luoro-3-oxopent-4-yl ) 3-oxo-4-a2a-5a- 
androst-i-ene-17i3-carboxainide; 



wo 94/03476 



PCT/EP93/02r^8 



- 72 - 

the phar».ceutic.liy acceptable .alts thereof. 

<• A process for the preparation of a compound of 
formula (I, or a pharBaeeutically acceptable .alt thereof 
•6 defined to claim i comprising: 

1) oxidizing a compound of formula (ii) 



10 




H-Z 



(II) 



"herein R, r., r,, ^ 

. -•^•-^ as defined 

in claim i and z ie > r 

IS ^ C,-c. alkyl group unsubstituted or 

substituted by one or more fluorine ato». 

iuorine atoms, so obtaining a 

sy-ol _ .„ „ ^^^^ ^ ^ ^ 

atoms; or 

2) reacting a compound of formula (in, 

«i Rj o 



J I 



CH3 * R, 




(III) 
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wherein R,; Rj, R3, A and the symbol > > . . are as defined 
in claim 1 and Y is OH or an activating group f the 
carboxylic function with a compound of formula (IV) 

/ 

H-N (IV) 
\ 

R7 

5 Wherein R« and R7 are as defined in claim 1, so obtaining a 
compound of formula (I) wherein R, R|, Rj, R3, A and the 

I 

symbol , > . . are as defined in claim 1 and Z is a ■•N 

\ 

group as defined in claim 1; or 

3) reacting a compound of formula (III) as defined 
10 above with a compound of formula (V) 

Rg-M (V) 
wherein Rg is a Cj-C^ alkyl group unsubstituted or 
substituted by one or more fluorine atoms and M is a metal 
atom or a metal-halogen group so obtaining a compound of 

15 formula (I) wherein R, Rj, Rj, R3, A and the symbol are 

as defined in claim 1 and Z is a Ci-C^ alkyl group 
unsubstituted or substituted by one or more fluorine atoms, 
or 

4) reacting a compound of formula (VI) 

COY 
I 

A 
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wherein R, a and the symbol are as defined in claim 1 

and Y is OH or an activating group of the carboxy function 
with a compound of formula (VII) 

I- f 

HN c— — c — z rviii 

Rs 0 

5 wherein R,, Rj, Rj and Z are as defined in claim 1, so 
obtaining a compound of formula (I) wherein R, R,, Rj, Rj, 
A, Z and the symbol are as defined in claim l; and, if 

desired, 

5) dehydrogenating a compound of formula (I) 
10 wherein R, r„ r,, r„ a and Z are as defined in claim l and 
the symbol is a single bond, so obtaining a compound 

of formula (I) wherein R, R„ R^, R,, a and Z are as defined 
in claim l and the symbol is a double bond, and if 

desired, converting a compound of formula (I) into a 
15 pharmaceutically acceptable salt thereof and/or if desired, 
separating a mixture of isomers of formula (I) into the 
single isomers. 

5. A compound of formula (II): 

R, Rj OH 

I I I 
CO— N— C— ^H-Z 




(II) 



wo 94/03476 



PCr/EP93/02038 




5 



10 



15 
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wherein R, R,, Rj, R,, A and the Gymbol . ■ . ■ are as defined 
in claia 1 and Z is a Ci-C^ alkyl gr up iinsubstituted r 
substituted by one or more fluorine atoms, with the proviso 
that at least one of the groups R, R,, Rj, Rj and Z contains 
at least one fluorine atom, and the pharmaceutically 
acceptable salts thereof. 

6. A compound according to claim 5 wherein: 
R is hydrogen or methyl; 

A is a single bond; 
R, is hydrogen; 

R2 is methyl, iso-propyl, iso-butyl, sec-butyl, tert- 

butyl, trifluoromethyl, 1-trif luororoethyleth-l-yl, 2- 

trifluoromethylprop-l-yl, 2-methylthioeth-l-yl or 

methoxymethyl, phenyl or benzyl; 

R3 is hydrogen or methyl; _ 

Z is methyl, n-butyl, trifluoromethyl or 

pentaf luoroethyl ; 

and the symbol > . . . represents a single or a double 
bond; provided that at least one of the groups R^ and Z 
contains at least one fluorine atom. 

7. A process for the preparation of a compound f 

formula (II) or a pharmaceutically acceptable salt thereof 

as defined in claim 5, comprising 

(a) reacting a compound of formula (VI) 

COY 




(VI) 
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Wherein R, A, and the symbol are as defined in claim 5 

and y is OH or an activating group of the carboxy function 
with a compound of formula (Vlll) 

R: Rj H 

I I I 
HN C C— 2 (VIII) 

II 
R] OH 

5 wherein R,, Rj and Rj are as defined in claim 5 and Z is a 
C,-C4 alkyl group unsubstituted or substituted by one or 
more fluorine atoms so obtaining a compound of formula (II) 
wherein A, R, R,, Rj, Rj and the symbol . . . . are as defined 
in claim 5 and Z is a Cj-Cj alkyl group unsubstituted or 
10 sxibstituted by one or more fluorine atoms; or 
(b) reacting a compound of formula (IX) 

Rj 




C CH Z 

I 

OH 



(IX) 



HDOC p 



wherein R,, Rj, Rj and A are as defined in claim 5 and Z is 
a C,-Ce alkyl group unsubstituted or substituted by one or 
15 more fluorine atoms with an amine of formula (X) 

R-NHj (X) 
wherein R is as defined in claim 5 so obtaining a compound 
f formula (XI) 
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Wherein A, Rw R.- and K3 are as defined in clai. 5 and Z 
is a CrC. alKyl group unsubstituted or substituted by one 
or Bore fluorine atoms, and hydrogenating the compound of 
5 formula (XI) so obtaining a compound of formula (II) 
Wherein R, R. R., R3 are as defined above, Z is a C.-Ce 
aixyl unsubstituted or substituted by one or more fluorine 
atoms and the symbol ^ is a single bond. 

8. A pharmaceutical composition comprising a 

10 pharmaceutically acceptable carrier and/or diluent and, as 
an active principle, a compound of formula (I) as defined 
in claim 1 or a pharmaceutically acceptable salt thereof. 

9. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and/or diluent and, as 

15 an active principle, a compound of formula (II) as defined 
in claim 5 or a pharmaceutically acceptable salt thereof. 

10. A compound of formula (I) as defined in claim 1 
or a pharmaceutically acceptable salt thereof for use in a 
method of treatment f the human or animal body by therapy. 

20 11. A compound of formula (ID as defined in claim 
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^ °^ a Phar»aceuticaliv a. " 

- method Of trea. ^^^^^^-^^^ salt thereof .or u ■ 

°r treatment of th« k 
therapy. °r animal body by 

A compound of formul 

• >. " . i.>«.^„„,„ . • •• 1. «... 

• A compound of formula (n, , 
^' °^ a Pharmaceuticaliy acc. . '"^'^ 
as a testosterone ; 
D , , reductase inhibitor 

^-reductase ir^,^,^„^ 
^-reductase i„Hi.i.or. 
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